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CONCRETE PILING LTD. 


SPECIALISTS IN CONSTRUCTION OF 
REINFORCED CONCRETE. STRUCTURES 
AND CIVIL ENGINEERING PROJECTS 
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CONTRACTORS TO :— 


ADMIRALTY — - WAR OFFICE RIVER AND DRAINAGE AUTHORITY 
MINISTRY OF WORKS BRITISH RAILWAYS AND INLAND WATERWAYS ~ 
ELECTRICITY AUTHORITY MINISTRY OF SUPPLY 
DOCKS AND HARBOUR BOARDS SHIPBUILDING & HEAVY ENGINEERING INDUSTRIES 
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CONCRETE PILING LTD. 


CIVIL ENGINEERING CONTRACTORS | mae 


10 WESTMINSTER PALACE GARDENS, ARTILLERY ROW, LONDON, S.W.I. PHONE ABBEY 1626/7. 
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NOTTINGHAM & DISTRICT 
TECHNICAL COLLEGE 


Architects : Cecil Howitt & Partners, Nottingham 


RCSA BRITISH CONSTRUCTIONAL 
STEELWORK ASSOCIATION 


Artillery House, Artillery Row, Westminster, London, S.W.| 
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The United Steel Companies’ 


Service 


Y LIMITED 
UNITED STEEL STRUCTURAL COMPAN 


es Limited 
Company of The United Steel Compani 
A Subsidiary 


SCUNTHORPE =: LINCOLNSHIRE ce 
ffi 40, Grosvenor Gardens, 
London Office: " 
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730 am Wednesday to 
7-30 am Thursday 


concrete sufficiently hard for 
almost any purpose 


In only 24 hours —concrete made with ‘417 Cement’ 
is ready for almost any duty. The time saved by its use 
means important savings in cost and greater produc- 
tivity of plant, shuttering, etc. Please write for full 


particulars of ‘417 Cement’. 


A cement 


QUICK SETTING—EXTRA-RAPID HARDENING 


THE CEMENT MARKETING COMPANY LTD. 

PORTLAND HOUSE, TOTHILL STREET, LONDON, S.W.I. 

G. & T. EARLE LIMITED, HULL. 

THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD., 
PENARTH, GLAM 
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50 years ago this concrete bridge was 
reinforced with 


EXPANDED METAL 


,. todays verdict 


EXPAMET can take it! 


One of the earliest examples ever constructed in this 
country of an arched concrete bridge supporting a 
roadway, was Thorverton Bridge, Devon. 

In those days when the finer techniques of reinforced 
concrete were being learned, the pioneer spirit of 
Expanded Metal engineers accepted the challenge to 
design the reinforcement for the bridge. It has with- 
stood the stress of 50 years and still carries the 
enormously increased load of modern traffic. During 
the war it was used by heavy armoured divisions. 


The Expanded Metal Company Ltd., has long ex- 
perience in the design and supply of reinforcements 
for all classes of work. 

Modern developments and techniques are handled 
by its 


REINFORCED CONCRETE DESIGN GROUP 


Chief Design Office: Burwood House, Caxton Street, London, 
S.W.1. ABBey 7766. Other Group Centres are at: P.O. Box 14, 
Stranton Works, West Hartlepool. Hartlepools 5531, 118 
Portland Street, Manchester. Central 9855. 182-185 Melchett 
Road South, Kings Norton, Birmingham. Kings Norton 4241 


The Expanded Metal Company 


Burwood House, Caxton Street, London, S.W.1 


ALSO AT: ABERDEEN - BELFAST - BIRMINGHAM - CARDIFF. DUBLIN: EXETER: GLASGOW - LEEDS: MANCHESTER: PETERBOROUGH - WEST HARTLEPOOL 
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The foundation of stability 


In West’s Shell Piling System, .the.bearing capacity of each pile 
can be calculated because the pile shell is driven to a pre-determined 
dynamic “set’’ in the load-bearing stratum. Stability is therefore 
assured. Moreover, since the reinforced concrete pile core is cast 
after driving is complete the»consolidating effect of the positively 
driven pile is retained without setting up stresses in the core. 
This modern mobile system has been used to support many 
different structures including steelworks, factories, gas and electricity 
installations, bridges, flats and houses. It is fully described in our 
latest publication Foundation Engineering. Please write for a copy 
mentioning this announcement. 


Here tubular shells are being 
assembled on the driving 
mandrel before piling 


westT’s SHELL PILING 


s Y; Ss x E M 


WIEST oo FI LINGra Guinot RUCTION CO, LTD 
Foundation Specialists : Design & Construction in Reinforced Concrete 
BATH ROAD, HARMONDSWORTH, MIDDX. _ Tel.: WEST DRAYTON 2288 
BRANCHES INLONDON . BIRMINGHAM . MANCHESTER . GLASGOW 
Australasia: West’s Shell Piling (A/sia) Pty Ltd, Melbourne and Sydney 
France: Compagnie Générale de Construction de Fours, Paris 
Ireland: - . - Farrans Ltd, Dunmurry, Belfast 


nN 


The Structural Engineer 


RUSTODIAN 
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galvanized steel 
windows 


dd 


that there is nothing like a Calcium Plumbate 
Primer for galvanized metal window frames. 
Hope’s are one of the largest makers of galvanized 
metal window frames in this country. 


In their own words, in their own catalogue, they say:— 
“PAINTING. Asa priming coat we recommend the use of calcium 
plumbate primer ‘RUSTODIAN’. This paint will adhere firmly to 
a newly galvanized window without any prior etching treatment. 
We deprecate the use of mordant solutions applied to windows ona 
building site. Calcium plumbate primer ‘Rustodian’ forms a good 
base for any good oil paint. 

It is advisable to apply the primer before glazing.’’ 
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The exceptional adhesion and rust inhibiting 

* properties of Rustodian are commending it to many 
other manufacturers, public authorities and architects 
for all iron and steel and galvanizing. Rustodian is 
manufactured under British Patent No. 574826. 


| * Associated Lead Manufacturers Limited 
0 IAT ED LE A D is a single Company which specialises in the 


manufacture of Lead Pigments and Lead Paints. 


RUST iMMIRITING 
LEAD PAINT. 


RRusropiAN, 


IBEX HOUSE, MINORIES, LONDON, E.C.3. 
CRESCENT HOUSE, NEWCASTLE. 
LEAD WORKS LANE, CHESTER.’ © 7 phe aye eben eee ‘ 


Export enquiries to: THE ASSOCIATED LEAD MANUFACTURERS EXPORT CO. LTD., IBEX HOUSE, MINORIES, LONDON, E.C.3 
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DAWNAYS 
STEEL Vie Rk 


Specialists in the design 
fabrication and erection of riveted 
and welded steel-framed structures 

of. every description 


DAWNAYS LIMITED 


BRIDGE & STRUCTURAL ENGINEERS 
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Standard and special types for steel erecting, skip hoists, 
transporters, wharf cranes, general haulage and building 
construction. Capacities from half ton (500 kilos) upwards. 


Send for Full Particulars. 


A.C.E. MACHINERY LIMITED 


HARLEQUIN AVENUE, GREAT WEST ROAD, MIDDLESEX 
Telephone EALing 6262 (5 lines) and at Brixton London S.W.2 


Pirates 


ACE 58 


y 


& SON LIMITED 
EST. 1898 


\ 


FABRICATORS IN STEEL 


IRON STAIRCASES STEELWORK  BALUSTRADING 


S.W.FARMER & SON LTD,COURTHILL ROAD, LEWISHAM, LONDON,S.E.13. 
; "PHONE: LEE GREEN 4334-9. 
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Above: CHURCH of ASCENSION: Architect: J. Harold Gibbons, F.R.1.B.A. 
Consulting Engineer: Donovan H. Lee, B.Sc.(Eng.), M.I.C.E., 
M.1.Mech.E., M.AM.Soc.C.E., M.I.Struct.E. 


Right: BUTTERWALK: Architects: David Evelyn Nye & Partners. 


PRESSURE PILING STILL SUPPLIES THE ANSWER 


The Church of Ascension at Preston, Middlesex, was a tility of the system, the three main advantages 
straightforward job where the Pressure Piling System being:— 


was used economically under very easy conditions. I. Piles can be cast in situ without vibration, thus no 
damage Is caused to surrounding buildings, old walls 


Not so the Butterwalk at Dartmouth; here the work and foundations or annoyance to occupants of 

had to be carried out inside this ancient and not too adjacent property. 

stable structure, but the Pressure Piling System with 2. The system can be installed with a minimum of 

its absence of vibration and ability to cast piles in situ 6ft. headroom; a great advantage when working in 

with the minimum of headroom enabled this tricky basements or under bridges, etc. 

Job to be handled with complete success. 3. Our great experience has made the sinking of piles 
in waterlogged strata, at the waterside, or in 

These two totally different jobs illustrate the versa- water, tidal or static, become a routine operation. 


THIS BOOK 
WILL 
INTEREST Seek. 


ENGINEERS THE PRESSURE PILING COMPANY (PARENT) LTD 


Architects and Engineers 637 OLD KENT ROAD, LONDON, S.E.I5 
are invited to write or phone us for a copy of Telephone: New Cross 0347/8/9 


Enquiries for the North of England, Scotland, Northern Ireland and Eire should be addressed to: — 


THE PRESSURE PILING COMPANY (NORTHERN) LTD 


6 WINCKLEY SQUARE, PRESTON, LANCS. 
Telephone: Preston 522! 
The ORIGINAL and LARGEST Bored Piling Specialists in the World 


THE PRESSURE PILING COMPANIES Wane 


** The Pressure Piling System.’’ ~This informative 


booklet gives you technical data on piled founda- 


tions and under-pinning for rapid vibrationless 
construction and repairs. Itis free and post free. 
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Power: Lowering 


TESTED AND PROVED IN ACTUAL WORKING CONDITIONS ! 


FOR JOBS 
LIKE THIS! 


This SMITH development has proved its 
immense usefulness during months of arduous 
duties on sites throughout Britain. You’ve 
got to see SMITH POWER-LOWERING in 

action to know what precise load-control really 
means! Smith power-lowering gives an infinite 
range of speeds, fast to c-r-e-e-p-i-n-g, cuts 

out dependence on slipping brakes, enables 
loads to be positioned gently where required, 
easing the problem of accurately siting 

roof trusses and “awkward” construction units. 


CRANE LOADS 
UNDER ENGINE 
CONTROL AT ALL 
SPEEDS 


In this photograph the Smith 

patent mechanism — a system of 

planetary gears—can be seen at the 

: < ae left of the rope barrel. The mech- 

. aCe anism can be instantly disengaged 
a ks when necessary. 


THOMAS SMITH & SONS (RODLEY) LTD - RODLEY, LEEDS, ENGLAND 
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CEMENT WORKS—KILN BUILDING 


Consulting Engineers: Messrs. Oscar Faber & Partners 


Contractors: George Wimpey & Co. Ltd. 


STEELWORK BY 
EDPATH BROWN 


LONDON OFFICE: 3, DUNCANNON STREET, LONDON, W.C.2 
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NewiMachinelShop for” Messrs. §Quasi-Arc Ltd., North-Eastern:Trading Estates Ltd., Team Valley . Gateshead 


This portal frame building was recently designed, fabricated and erected by us in Castellated 
Beam Construction, This is the type of construction work in which we are experts, and we should 
be pleased to offer our experience and service in solving your problems. Castellated Beams are 


manufactured under licence from Messrs. United Steel Companies Ltd. 


JAMES W. ELLIS & CO. LTD. 


Head Office: 30-32 GREAT NORTH ROAD, NEWCASTLE UPON TYNE 


London Office: 127 Victoria Street, S.W.1/. Derby Office: 17 St. James’ Street, Derby. 
Sheffield Office: 371 Ecclesall Road, Sheffield, 11. Leeds Office: 5/7 New York Road, Leeds. 
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LIMESTONE 
CONCRETE 


Lockleaze School, Bristol. Photograph reproduced by courtesy of Construction carried out under the supervision of the City Architect 
Holland & Hannen and Cubitts Limited. of Bristol, J. Nelson Meredith, F.R.ILB.A, 


This modern school in Bristol was built 
with hard limestone as the concrete 
aggregate. Such concrete has a low 
shrinkage factor and possesses high ygyyyyyyysmmUUUUlUlLlllly 
compressive and flexural strengths. It 


has, moreover, excellent fire resisting 
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properties. ry) Yj 
LIMESTONE 
] ] 
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Y Yj 
Y Y 
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THE LIMESTONE FEDERATION - MANFIELD HOUSE - 376/8 STRAND - W.C.2 


TGA $6 
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+ DRILLS & REAMS UP TO |} in. Diam. 
+ COMPACT 

+ IDEAL FOR TAPER REAMING 

+ SILENT — VIBRATIONLESS 

+e PERFECTLY BALANCED 

Je WEIGHS 26 Ibs. 


The “BROOMWADE” MV 
60 drill is supplied with Feed 
Screw or Grip Handle. Ask 
for more details or, better 
still, a DEMONSTRATION 


““BROOMWADE’’ 


AIR COMPRESSORS AND PNEUMATIC TOOLS 


Your Best Investment 
BROOM & WADE LTD., P.O. BOX No. 7, HIGH WYCOMBE, ENGLAND 


Telephone ; High Wycombe 1630 (10 lines). Telegrams : ‘‘ Broom,” High Wycombe, Telex. 


307 $ 
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Circular Cofferdam at South Denes Generating Station, 
Great Yarmouth for the Central Electricity Authority. 
Consulting Engineers: Rendei, Palmer & Tritton. 
Contractors; Peter Lind & Co, Ltd. 


Ease in driving and simplicity of control 
make Larssen Steel Sheet Piling particularly effective in civil 
engineering projects where circular and cellular construction is 


involved. The extensive range of sections enables the 


Technical advice and 


most economical choice to be made in accordance with the 
assistance from the Company’s 


character and requirements of the work to be undertaken. Sr oeasey shit on vredutet 


SOUTH DURHAM STEEL AND IRON COMPANY EimMitTEeED 


CARGO FLEET IRON WORKS, MIDDLESBROUGH, YORKS. . 
Telephone: Middlesbrough 2631 (14 lines). 
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CRAFTSMANSHIP IN STEEL 


Walker Bros. service to Architects, Builders and Civil Engineers covers every 
phase of constructional engineering. Big job or small,at home or overseas, 
we have the resources to handle all structural steelwork requirements. 
Call us in at the discussion stage. 


6374 AY Ya ; 
CRUEL i 
epee gee 


Photograph by kind permission of Port of London Authority 


WALKER BROS if it can be built in steel - we can build it 


iorE 'D 
Stuilinal Engineewd WALSALL - STAFFS - TELEPHONE: WALSALL 3136 
Telephone : ViCtoria 3926 


a 


London Office: 66 Victoria Street, S.W.|1 : 


ESTABLISHED 1867 
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Small hand and power 
driven sprays available 
for vertical structures. 


Fully automatic machine for spraying Ritecure. 


for better/concreting 


The RITECURE MEMBRANE CURING 
METHOD improves the quality of 


concrete while reducing handling costs. 


ADVISORY SERVICE 


With over 35 years’ practical A single application (one gallon covers approximately 


experience our technical department 30 square yards of concrete) affords greater 


can offer constructive assistance on compressive strength with increased surface wear. 


specific concrete problems including Over 30 million yards of concrete in the British Isles 


already treated by the RITECURE method. 


preparation of complete specifications. 


Write for full technical information: S T U A R T iB Py D | G K a N S L T D a 


36 Victoria Street, London, S.W.1. Telephone: Abbey 4930 & 6157. Works: Manor Way, Boreham Wood, Herts. Telephone: Elstree 2211. 


Ce ee eee ee ce OS 


18 


The Structural Engineer 


_.. this NEW PUBLICATION gives the 
solution to most foundation problems 
send for your copy NOW! 


Pat LAL A] | THE FRANKI COMPRESSED PILE CO. LTD - 39 VICTORIA STREET - LONDON : swi 
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From pies to paper — 
things will run better 
on Tri-pedal floors 


Tri-pedal striated for 
heavy loading and wet 
conditions. 


If you’re in baking or paper making 
—or any other business where there’s 
heavy work afoot — you should fit a Tri-pedal 
floor. Tri-pedal tiles are made of iron. 
Each unit has a scientifically designed tread 
eliminating accident-causing slips of the foot. The 
striations also act as drainage channels — very useful 
aids where floors need frequent swabbing to maintain 
full cleanliness. The plain surface tiles are extremely easy to 
clean and keep free from moisture — you will know which tile type is best 
suited for certain sections of your factory. 
Every plate has a heel underneath at each corner to give it rock-bottom stability. Each plate 
—and the entire floor —is completely unmoved by the heaviest stresses, strains and tensions. 
Tri-pedal floors are acid-proof and do not become dangerous underfoot when oils and grease 
Tri-pedal plain, for fall on them. Fragile goods can be trundled about on vehicles without risk of damage 
absolute cleanliness : ‘ 
and heavy loads. because the floor is completely jolt-proof. Tri-pedal flooring is fitted at a highly competitive price. 


BB} verenuer Tri-pedal Iron Paving System 


Butterley Ironworks, Near Derby. Telephone: Ripley 411 (9 lines). London Office: 9 Upper Belgrave St., S.W.1. Telephone: Sloane 8172/3 
Makers since 1790 of railway and other bridges, constructional steelwork, unit bridging, overhead cranes, railway wagons and mine cars, 
Meehanite castings, iron paving, mining and sheet metal machinery, wrought iron bars, sewage ejectors and pumps, wool washing machinery, 
Oxygenerators, tonnage oxygen|nitrogen plants, high quality bricks, Aglite lightweight aggregate. 


BUT 9652 
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Y rare Y Blaby Prefabricated el Structures are Y 
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A erie Gerla 
| ’ ] wide complete with slidingdoors and windows, ] 
Y | , E Y, available from stock. Y 
Uj m hy | Y Y 
| % ee re ots, a EU Hult J, Our Structural Sales pt. will forward 

YYYYYy Seed seo Saatee ap pee WY V/, Unie information and EE brochure on Y 


——— ee 


WORKS: CIRCLE MWORKS + GLEN HILLS » LEICESTER 
Foundation and erection costs considerably reduccd by 


specifying ‘Blaby’ Structures: Unique design intcgrates 


‘Blaby’ 
Prefabricated 


traditional Hot Rolled Mild Steel sections with Cold 
Formed Steel sections, giving increased strength/weight 
ratio: resistance to atmospheric corrosion of Cold Formed Structures 


sections four to six times that of Mild Steel. 


2 ~ 


Y 
Uy Dasenediand HOUnslow 7281/7 
CMM); Manufactured by :-— J. E e L E § S$ E R & $ re] | § LT D. Green Lane, Hounslow: Middlesex 


TOWN 
RADIAL DRILLING 
MACHINES 


Sturdy, simple design, conveniently placed controls 
and maximum rates of production on the 
widest range of components—a few of the 
reasons why they are used all over the 


world. 


Illustrated: Al! electric centralised control radial 
drilling, boring and tapping machine. Capacity 2} in. 
dia. in steel. 


FREDERICK TOWN 
- §& SONS LTD 


HALIFAX - YORKS 


Established 1903 


T/5 
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Euston 
Station 
Underpinning 


During recent reconstruction work at Euston 
Station heavy underpinning was carried out using 
our |8in. and 24in. diameter bored cast in-situ 
piles. These large diameter piles were founded 
wholly in the London clay and carried working 
loads of up to 96 tons per pile. 


The number of piles involved was 13 of the 24in. 
diameter and 71 of the I8in. diameter. 


The work was carried out 
to the instructions of 
the Chief Civil Engineer, 
British Railways, 
London Midland Region 


MECHANICS 


i(Subsidiary of John Mowlem & Co. Ltd.) 


65 OLD CHURCH STREET, CHELSEA, 
LONDON, S.W.3 :: FLAXMAN 0113/7 


Scottish Office: 
64 Frederick Street, Edinburgh 2 :: Phone 34608 
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The smart appearance of the o 


London contractors on partitioning job say :— 


WHAT IS STRAMIT? 


Stramit is a low-cost, dry-construction material made 
of compressed straw. It combines great strength and 
rigidity with exceptional values of thermal insulation 
and sound reduction. And it positively resists fire. 


Stramit is available in three grades. Standard grade 
(for ceilings, partitioning, factory screens, etc.) 
weighs approximately 3.8 Ib./sq. ft. and costs from 
9/- per sq. yd., including delivery. 


Also available: Roofing grade (for roof-decking, wall- 
linings, etc.) ; Low-Density grade (for non-load-bearing 
thermal insulation) and a special asbestos facing (to 
give a Class | rating for spread of flame). 


STOCK SIZES: 4 ft. wide x 6, 8, 9, 10 & 12 ft. long. 


Special sizes made to order. 


AVAILABLE FROM LEADING MERCHANTS. 


STRAMIT BOARDS LTD. 
COWLEY PEACHEY, UXBRIDGE, MIDDX. 
Telephone: West Drayton 3751 


ffice of Max Rayner (Artwork) Ltd. owes 
much to its new, glazed Stramit partitions in I-in. x 4-in. timber framing: 
the Stramit is held in position by quadrant moulds. 


Messrs. Brooking Brothers, contractors, 
of London, recently erected 

Stramit partitions at the offices of 

Max Rayner (Artwork) Ltd. in Lexington 
Street, W.|. They stated that, in their 
opinion, no other material could go up : 
at the speed with which they were able 
to erect Stramit partitions. 


But speed is only a small part of the 
Stramit story. Stramit partitions are 
smart, as you can see from this picture. 
There isa notable absence of drumming, 
too, when Stramit is employed. And 
this material positively resists fire. 


Stramit of standard grade takes paint 
and plaster direct. It is also available 
faced with hardboard or fabric (the 
latter in a variety of attractive colours 
and_ designs). 


sTRAMIT 


THE TWO-INCH THICK 


BUILDING SLABS 


Namevof firtiie'tete’e o, e:cis a sle/stie sieterasiaieiereis 
Addresswaietete's(c'eias aslele sioveiate wielerestetbierieiens 
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Please send me full details of Stramit Slabs. 
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f.¢G. JONES & GO. 


Wood Lane, London, W.12 


A combination of 


ARCHITECTURAL 
DESIGN AND 


ENGINEERING SKILL 


South Wales Office Bute Street, Cardiff Telephone: Cardiff 28786 


Works Shepherds Bush, London -» Neasden, Middlesex - Treorchy, Glamorgan 


Telephone: SHEpherds Bush 2020 
Reinforcement Department 17 Buckingham Palace Gardens, London, S.W.1 Telephone: SLOane 5271 
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600 GROUP OFFICE BLOCK, WOOD LANE, LONDON, W.12 
MAIN CONTRACTORS, KYLE STEWART LTD. 


The design by 

H. Fitzroy Robinson, B.A. (Arch.) F.R.I.B.A. 
and Hubert H. Bull, L.R.1.B.A. F.LA.A. & S., 
has been judged typical of the 

finest contemporary building design 

and was on view at last year’s 

Exhibition of the Royal Academy of Arts, 
Burlington House. 


The Reinforcement for 

Retaining Walls, Basement, R. C. Frame 
and suspended floors designed, 
fabricated and fixed by: 


£D. 


THE 


G00 


GROUP 


OF COMPANIES 
a 
—————— 
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PRESTRES 


CONVEYOR GANTRIES 


cep sweat ROP Tr te ew 


PETER LIND & COLTD 


2 ROMNEY HOUSE, TUFTON STREET, LONDON, S.W.I 


TELEPHONE ABBEY 736I 


Engineer 
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No. 5 OF A SERIES SHOWING TECHNICAL DEVELOPMENTS IN CONCRETE CONSTRUCTION 


Prestressed concrete PRESTRESSED 


° ° op ye CONCRETE BRIDGE 
for economic bridge building pie 


After investigating the costs 
of various schemes it was 
decided to break away from 
the traditional methods of 
bridge construction and 
adopt the principle of pre- 
stressed concrete girders. 
This three-span prestressed 
country, designers, architects and civil engineers have specified design showed a saving of 

over £14,000 on the lowest 
offers. : 


Ever since prestressed concrete construction was first used in this 


“Wire by Johnsons.” The reason is quality built up on early 


experimental work with those specialist designers who studied ¥ Sanka furthe ridetails of this 


and worked in the Continental development of this new building project and others are pub- 


technique. ‘lished in brochure form. Write 
eae . or your copy now. 

Johnsons have a long record of “ Firsts” including indented wire fory Py 00 

for greater bonding and coils of 8ft. diameter, from which the 


wire pays out straight. 


Sponsor; County Councit oF Ross AND CROMARTY, 
DINGWALL. 


Design by: Brytu & Brytu, M./M.I.C.E., 
CONSULTING ENGINEERS, EDINBURGH. 
in conjunction with 
J. A. SHaw, B.Sc.. M.I.Mun.E., 
at the time 
County SuRVEYOR, Ross AND CROMARTY. 


Contractors: A, A. Stuart & Sons (GLAsGow) LtD., 
GLasGow. 


wire was essential— 


Yolnsons the choice! 


Rickard Johnson & Nephew Ltd., Manchester, 11. Telephone: East 1431 


26 


The Structural Engineer 


tailor-made to each job! WNIT 7 


MULTIRAIL fabricated steel handrail standards 
have proved to be as rigid as the solid forged type, with 


fabricated 
the advantages of four ferrules enabling I steel handrail 
vacant ferrules to be used in oy 
te | standards 


carrying power lines, air 
and gas pipes, etc. 


i 
Ee 


“SAFETREAD”” FLOORING IS 


welded for 
extra strength 


Tailor-made and not just cut to 

fit, ‘Safetread’ flooring is no dearer 
to specify than ordinary steel flooring, 
but provides maximum strength with 
minimum of materials ; non-skid 
surface ; 82% light and air 
penetration ; a neat-fitt- 

ing, clean appearance. 


Write for detailed literature to :— 


Allan Kennedy : co. 1. 


MARITIME STREET: STOCKTON-ON-TEES 
Tel: Stockton 67706 & 67716. Grams: Grating, Stockton-on-Tees. Also at 207 Victoria Street, London, S.W.! 


we 
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We 
specialise 
im... ; 


TX 


iW 
we 


down-to-earth problems! 


When choosing a building site, one vital aspect must always be investigated—the characteristics 
and strength of the subsoil. The Douglas Organization, with its wide experience in all fields of civil 
engineering construction and building, has laboratory and field equipment to test for and design any type 
of foundation, check earth movements and the stability of slopes and cuttings, and overcome ground 
water and soft clay, to mention only a few typical problems. We are also pleased to interpret results 


provided from other sources—so whatever your building or foundation problems, dial for Douglas! 


SOIL MECHANICS & FOUNDATION 
| ENGINEERING DEPARTMENT | 


ROBERT M. DOUGLAS (CONTRACTORS) LTD., 395 GEORGE ROAD, ERDINGTON, BIRMINGHAM. 23. 
Tel.: BIRCHFIELD 5261 (15 lines) Telegrams: Aremdee, Birmingham 
ALSO AT LONDON , SWANSEA . LIVERPOOL. 
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“Civil Engineers: L. G. Mouchel & Partners Ltd. 


For strength and durability and economy in cost, steel is unequalled as a structural material. The 
knowledge of its properties enables bridges and framed structures of all types to be designed 


within the most exacting limits. Illustrated is part of the structural steelwork for a Power Station. 


BRAITHWAITE & CO. 


ENGINEERS LIMITED 


Bridge and Constructional Engineers 


LONDON OFFICE; DORLAND HOUSE + REGENTSTREET - LONDON + SW1 + TELEPHONE: WHITEHALL 3993 
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The cement which is 


COMPLETELY IMM 


from the effects of 


SULPHATES 
IN ANY GONGENTRATION 


MENT 


OND 


ALUMINOUS CEMENT 


% Concrete made with Aluminous cement is not merely resistant to attack when used in soils contain- 
ing a relatively low concentration of Sulphates. It remains immune from chemical attack by Sulphates 
in any concentration. 


% Concrete made with Aluminous cement is equally impervious to these conditions when in an 
immature state. From first to last it remains unaffected by Sulphates. 


* Concrete made with Aluminous cement provides an additional margin of safety! It is also resistant 
to attack by dilute acids often prevalent in sulphate-bearing clays, made-up ground and industrial 
effluents. 


% Aluminous cement also provides concrete of unequalled high early-strength. 


CIMENT FONDU is manufactured by 


LAFARGE ALUMINOUS CEMENT COMPANY LIMITED 


73 Brook Street, London, W.1 Telephone: Mayfair 8546 
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structural steelwork 


The Bowater Paper Corporation 
Limited. ‘The Architects for the 
new Office Blocks at both Mersey and 
Northfleet designed for Lattice Steel- 
work on a modular grid which allowed 
service lines to be run between floor 
and ceiling and gave complete flexi- 
bility for internal arrangements. 


Architects : Messrs. Farmer & Dark. 


B.E.A. For this B.E.A. Building speed was the essence 
of the Contract. Sommerfelds designed the Steelwork 
and from unloading the first lorry on site to the 
completion of a 250-ton steelwork erection took 3 


weeks. 
General Contractors : Messrs. Richard Costain Limited. 


YORK. For the City of York a Grammar School. 
Sommerfelds designed the Steelwork on a 3’ 4” modular 
grid allowing complete freedom for the Architect to use 
curtain walling and internal arrangements. 


Architect : E. Firth, F.R.1.B.A., A.M.T.P.I., City Architect. 


rs 4 ¥ 
ager =. a_i 


1.C.1. For I.C.l. a Laboratory Block. 
A multi-storey building with a height 
to eaves of 44-feet and uninterrupted 
spans of 50-feet on each floor. Deep 
Lattice Beams and light stanchions 
were used with considerable saving in 
steel requirements. 

Architects : Messrs. J. Douglass 
Mathews & Partners. 


Jommerfelds LTD. WELLINGTON - SHROPSHIRE 
0 TEL. 1000 
Landon Office : 107 VICTORIA S? S-W-l TEL: VIC.8843 AND 1000 
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Visit of the President to Africa 
August and September, 1957 


A FORMAL request was made by the Union of South 
Africa Branch on 11th January, 1956, that a 
visit to the Union by the then President, Mr. Stanley 
Vaughan, and the Secretary, Major R. F. Maitland, 
should be undertaken and would be greatly appreciated 
by Branch members. Owing to business commit- 
ments, however, Mr. Stanley Vaughan was unable 
to accept this invitation. The Union of South Africa 
Branch was informed on 2nd March, 1956, that Mr. 
Guthrie Brown, the 1956-57 President, and his wife, 
accompanied by Major Maitland, would be glad to 
visit Africa during August and September, 1957. 

Preliminary arrangements were put in hand accord- 
ingly but, unfortunately, the illness of the Assistant 
Secretary, Mr. H. R. Gray, which has necessitated his 
leave of absence from the Institution, together with 
the impending retirement of Colonel Tosh towards 
the end of 1957, made it necessary for the Secretary 
reluctantly to cancel his proposed visit in order to 
cope with Institution business at Headquarters. 

As it was convenient in any event for Mr. Guthrie 
Brown to visit Africa in the Autumn of 1957 in con- 
nection with hydro-electric and other works being 
dealt with by his firm at Owen Falls, Kariba and 
elsewhere, he very generously arranged that his tour 
of Africa, on behalf of the Institution, would be under- 
taken by him without any charge to the Institution 
Funds. 

The previous visit of a President to Africa was 
when Mr. Leslie Turner and the Secretary toured 
South Africa during April and May, 1950. 

The President, Mr. Guthrie Brown, accompanied 
by his wife, left London Airport for Nairobi on Ist 
August. Their tour covered Uganda, Kenya, Rhodesia 
andthe Union. They left Cape Town on 6th September 
in the “ Pretoria Castle’ and arrived at Southampton 
on 20th September. During their five weeks’ tour 
in Africa they travelled by air, road and railway over 
wide areas of the Continent from Murchison Falls, 180 
miles north of Lake Victoria in the North, to Cape 
Town in the South. The total extent of their tour 
overseas amounted to about 16,000 miles. 

The outstanding feature in every part of their tour 
was the friendly reception extended to them with the 
overwhelming hospitality for which South Africans 
are world famed. The warmth of the welcome which 
they received is a testimonial to the high regard which 
is felt for the Institution of Structural Engineers in 
all parts of Africa, and which was deeply gratifying 
to the President. 

On the arrival of the President and Mrs. Guthrie 
Brown at Nairobi Airport on 2nd August, they were 
met by Mr. C. W. Cassé, Mr. Guthrie Brown’s resident 
Partner in Kenya, and by Mr. R. A. Sutcliffe (Member) 
Chairman of the East African Section, and also inter- 
viewed by the Press. 

The President and his wife stayed at his Partner’s 
house in the outskirts of Nairobi, and for the next 
few days dealt with his own business matters, which 
included a visit to the Owen Falls Hydro-Electric 
project at Lake Victoria in Uganda. While there, 
' they were taken by plane from Entebbe to Wangkwar 
Airstrip near Paraa Lodge about 180 miles north of 
Entebbe. There they had a memorable launch trip 
up the Nile to Murchison Falls where game of all 


kinds were seen on each bank, including crocodile 
and hippo in great numbers. Returning by plane 
from Entebbe on 7th August, the President was met 
by Mr. Sutcliffe, who showed him some of the interesting 
structural building work in progressin Nairobi. During 
the evening the President gave his lecture entitled 
‘““ Hydro-Electric Schemes in Britain and Africa.” 
The lecture, with coloured lantern slides, brought out 
the great advance, in the attention given to appearance 
and to amenities, of modern hydro-electric develop- 
ments as compared with the earlier schemes of fifty 
years ago. The use and advantages of bright colour 
treatment for the interior of Power Stations were also 
emphasised. Examples were shown of British and 
Continental practice, including a full description of 
the Owen Falls Scheme, the proposed High Dam at 
Aswan and the Kariba Hydro-Electric Project on the 
Zambesi. The talk was given in the East African 
Railways lecture room before an interested audience. 

Following the lecture a meeting was held with 
Committee Members of the East African Section, 
including the Chairman, Mr. R. A. Sutcliffe; the 
Honorary Secretary, Mr. L. A. Spooner (Associate- 
Member) ; Mr. R. A. Cabel and Mr. J. A. K. Schou 
(Associate-Members). A full discussion took place on 
various points of special concern to local members and 
matters affecting the future development of the East 
African Section. Thereafter a dinner was held in 
Torrs Hotel at which about 30 of the local Structural 
members and their friends were present. The Presi- 
dent in his speech pointed out that this was the first 
occasion on which a President had been in Kenya and 
Uganda. He stressed the necessity of bringing before 
the public the important work which was being done 
by Structural Engineers in Africa with a view to 
enhancing the prestige of the Institution and its 
members. 

On the following afternoon, 8th August, the President 
and his wife left Nairobi by air for Salisbury, being 
seen off at the Airport by Mr. Sutcliffe and Mr. Spooner. 
On arrival at Salisbury Airport in the evening of the 
8th August, they were met by Dr. Henry Olivier, 
C.M.G., a fellow Director with the President of the 
firm of Gibb, Coyne, Sogei (Kariba) (Pvt.) Ltd., who 
are dealing with the consulting work for the great 
Kariba Hydro-Electric project. Also at the Airport 
was Mr. K. G. Stevens (Member) the Institution repre- 
sentative for the Federation of Rhodesia and Nyasa- 
land and also Vice-President of the Rhodesian Insti- 
tution of Engineers. Special mention must be made 
of the attention and hospitality extended to the 
President and his wife during their stay in Rhodesia 
by Mr. and Mrs. Stevens, who in addition accompanied 
them on their visits to Kariba, Victoria Falls, Bulawayo 
and Vumba. Mr. Stevens devoted the whole of his 
time during the President’s stay in Rhodesia to 
assisting him in every way possible ; the help given 
is recorded with gratitude by the President. 

In Salisbury the President was taken by Mr. Stevens 
to the Polytechnic College and was shown round by the 
Principal, Mr. Davies and Mr. Mackenzie, the lecturer 
on Structural Engineering. On the evening of 9th 
August the Dinner of members resident in the Salisbury 
area was held, under the Chairman, Mr. Stevens, in 
Meikles Hotel, at which about 30 were present, in- 
cluding a lady member, Mrs. M. Chatterton (Member). 
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One of the principal guests was Mr. Duncan L. Anderson 
(Member), Chairman of the Federal Power Board 
dealing with the Kariba Project. The President spoke 
of his great pleasure in being the first President to 


visit Rhodesia and referred to the outstanding examples - 


of modern architectural and structural design in the 
new public buildings being erected in Salisbury. He 
also made reference to the Kariba project and expressed. 
his pleasure that Mr. Duncan Anderson, Chairman of 
the Board, had been able to attend, not only as a 
distinguished guest, but also as a Member of the 
Institution. Several matters of interest were raised 
by members present and discussed by the President. 


On 10th August the private 7-seater plane belonging 
to the President’s Firm took off for Kariba with Mr. 
and Mrs. Stevens also on board, as well as the President 
and his wife and Dr. Henry Olivier, the Resident 
Director of Gibb, Coyne, Sogei (Kariba) (Pvt.) Td. 
The Kariba Hydro-Electric Project promoted by the 
Federal Power Board of Rhodesia is the largest engi- 
neering work in progress in Africa and one Otethe 
greatest hydro electric schemes ever constructed. It 
involves the construction of a large arch dam 420 ft. 
high and 1,900 ft. long in the Kariba gorge some 240 
miles north west of Salisbury. The reservoir so formed 
will be the largest man made lake in the world with a 
length of 140 miles and a surface area of 2,000 square 
miles. It will be about 44 times greater than that 
formed by the Hoover Dam in America. Housing 
has been provided at the site for 1,500 Europeans 
and 8,500 Africans and over 125 miles of access roads 
have been formed for construction purposes. About 
1,400,000 cubic yards of concrete will be needed for 
the dam and 1,700,000 cubic yards in the entire 
project. The ultimate installed plant will total 
1,200,000 kW in two underground Power Stations ; 
the first installation will be five sets each of 100,000 kW. 
Power is to be available by mid 1960 and to achieve 
this very fast construction programme special efforts 
are being made by the Italian Civil Engineering Con- 
tractors, Impresit (Kariba) (Pvt.) Ltd. The cost of 
the scheme is estimated at £80 million. The works 
impressed the President and his party by their magni- 
tude and by the manner in which the European and 
native labour are tackling their formidable task. 

After the inspection of the Kariba works the party 
left by air on 11th August for Victoria Falls some 
225 miles to the south west. Here the river and 
weather were such as.to show this world famous spec- 
tacle under both colourful and impressive conditions. 
After staying the night at the attractive Victoria 
Falls Hotel, the. party left early on the morning of 
12th August for a flight of 250 miles to Bulawayo. 
At this place arrangements were made for the President 
to meet local members and with Mr. Stevens in the 
chair an enjoyable lunch was held in the Connaught 
Rooms. Among the dozen members of the Institution 
who were present mention must be made of Mrs. 
M. T. Lindsay (Associate-Member) and Mr. Joseph 
Swindells (Member) of Gwelo who, in order to be 
present both at the Salisbury and at the Bulawayo 
meetings, covered a total distance of over 500 miles 
by road. Back by air to Salisbury on that evening 
the next day was spent in visiting a tobacco auction, 
attending a lunch at the Salisbury Club with Mr. 
Stevens, and visiting the McIlwaine Dam, a modern 
earthen dam. The reservoir so formed provides 
Salisbury with water and also gives some excellent 
boating. In the evening of 13th August, the President 
gave his lecture in the Polytechnic College at which 
Mr. Stevens took the chair. The lecture was well 
attended. On the following day the party left by 
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road for Vumba about 180, miles distant via Rusape 
and Umtali. The Leopards Rock Hotel at Vumba 
is beautifully situated in the mountains with magnifi- 
cent scenery. 

On 16th August, the President and his wife, with 
Mr. Robert Fitt (Member), one of his London Partners 
who was in Salisbury on business at this time, and 
accompanied by Mr. Stevens, paid a visit to the 
University College of Rhodesia and Nyasaland officially 
opened in March, 1957. They were shown over the 
magnificent new buildings and equally impressive 
grounds by the Principal, Dr. Walter Adams, C.M.G., 
who explained the aims of this new University recently 
visited by its President, the Queen Mother, and where 
equal opportunities exist for European and African 
eraduates. The afternoon of this day saw the departure 
of the President and his wife by air to Johannesburg 
after a most memorable stay in Rhodesia. This was 
the termination of the arrangements for the President’s 
tour which had been made so far by his Firms in 
Nairobi and Salisbury in consultation with the Insti- 
tution’s local representatives. Thereafter the arrange- 
ments fell solely on the Union of South Africa Branch 
whose representatives and members discharged these 
duties with efficiency, extreme hospitality and warm 
hearted friendship wherever the President was taken. 

On arrival at the Johannesburg Airport Mr. and 
Mrs. Guthrie Brown were met and welcomed by Mr. 
J. Gordon Hay (Member) Chairman of the Branch, 
and Mrs. Hay and by Mr. T. Breslin (Member) Vice- 
President and immediate past Chairman, and Mrs. 
Breslin. 

The week’s stay in Johannesburg was possibly the 
most strenuous of the tour and the members of the 
Johannesburg section who had been delegated to 
entertain the President and his wife carried out their 
task with the greatest possible pleasure. The hospi- 
tality extended was overwhelming in its kindness. 
It is not possible to detail all that was included during 
the period spent in Johannesburg, but mention must 
be made of the visit to Pretoria on 19th August with 
Mr. C. A. Rigby (Member) and his wife to see the 
magnificent setting of the Government Administrative 
Buildings together with the beautiful grounds. While 
in Pretoria, a visit was made to the National Building 
Research Institute where the Principal, Dr. N. Stutter- 
heim, took the party through the Institute and showed 
them the principal items of research at present in 
progress. 

On the afternoon of the 19th August a Committee 
Meeting of the Union of South Africa Branch, under 
the Chairmanship of Mr. Gordon Hay, took place in 
the Carlton Hotel, at which the President was invited 
to attend. In addition to Mr. Gordon Hay (Chairman) 
there were also present Mr. T. Breslin, Mr. Bp ke 
Binswanger, Mr. E. B. Kretzschmar, Mr. G. C. Lillicrap, 
Mr. G. S. Laing, Mr. E. L. Margo, Prof. A. J. Ockleston, 
Mr. C. A. Rigby, Mr. F. B. Thompson and Mr. A. E. 
Tait, Branch Hon. Secretary. 

At this meeting, the President read two letters 
from Major Maitland, the first on behalf of the Council 
requesting that the Branch should nominate one of 
the members to visit Britain, during the Jubilee 
Celebrations in October, 1958, to represent the Union 
of South Africa Branch, and the second, announcing 
that the Council had decided to present Mr. Tait with 
a gold watch as an appreciation of his 21 years of service 
as Honorary Secretary to the Branch. The Committee 
expressed their grateful thanks for the Council’s action 
and unanimously agreed that Mr. Tait should be 
nominated as their representative. Various other 
matters concerning the operation of the Branch, 
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as well as items of general interest, were discussed in 
detail. The President expressed his pleasure at 
being present and promised to have all the matters 
raised by the Branch placed before the Secretary and 
Council on his return. In addition to Mr. Tait, it 
should be noted that Mr. G. M. Frost (Past Chairman) 
has also been a member of the Branch Committee 
for the past 21 years. In the evening, a dinner 
arranged by Mr. and Mrs. T. Breslin took place in the 
beautiful surroundings of the Country Club. 

On the 20th August, accompanied by Mr. and Mrs. 
G. M. Frost they visited the Taaibos and Highveld 
Power Stations. The former of 480,000 kW capacity 
has been in operation for a few years, while the latter, 
which is nearby, is at present under construction. 
‘On the following day, accompanied by Mr. and Mrs. 
T. Breslin, an inspection was made of the Vaal Dam, 
which is situated some 50 miles from Johannesburg. 
Following this, a visit was made to the Zuikerbosch 
Pumping Station near Vereeniging where water 
from the Vaal is treated and purified for use in Johan- 
nesburg. Both these visits were of special interest. 
On the evening of 20th August, the President and his 
wife were the guests at the dinner of the Johannesburg 
Section of the Branch. This was a most enjoyable 
and light-hearted function at which about 170 people 
were present. The ladies introduced colour and 
gaiety into the proceedings. The toast of the Insti- 
tution was proposed by Mr. Breslin and the President 
replied in that humorous vein which has been so much 
appreciated by members during his visits to the 
Branches in the United Kingdom. 

On the evening of 21st August, the President gave 
his lecture in the University before a large audience. 
On the following day, as a complete change from visits 
to works of technical interest, the President and his 
wife were taken by Mr. and Mrs. Binswanger and two 
representatives of the non-European Affairs Depart- 
ment to visit the native quarters and see the schools 
for native children and new housing for Africans at 
Orlando East, Pimville, Moroka and elsewhere. The 
visit was most interesting and instructive showing the 
special attention being given to educate the young 
children and the efforts to improve the housing con- 
ditions for the Africans in Johannesburg. 

As the climax to the visit to Johannesburg, the 
Mayor and Mayoress, Mr. and Mrs. Max Goodman, 
gave a Cocktail Party in the Town Hall on the evening 
of 22nd August at which a-large number of Structural 
Engineers and other distinguished guests, including 
Dr. Kanthack, a well known Consulting Engineer, 
were present. The Mayor made a gracious speech 
expressing his appreciation that the President of the 
Institution of Structural Engineers had been in 
Johannesburg for a few days and wished every success 
to the Institution and its members. The President 
replied saying how much he had enjoyed the visit 
and how the friendly hospitality received had been 
overwhelming and unforgettable. 

On the 23rd August the President and his wife left 
by afternoon train for Durban. They were seen off 
by Mr. and Mrs. Hay, Mr. and Mrs. Breslin, Mr. and 
Mrs. Tait, Mr. and Mrs. Lillicrap and the Assistant 
Secretary, all of whom, with many others, had done 
so much to make the visit to Johannesburg both 
pleasant and memorable. On arrival at Durban on 
the following morning, after a 17-hour journey, 
the President and his wife were met by Mr. Jj. C. 
Panton (Associate-Member) Hon. Secretary of the 
Natal Section of the Branch, and Mrs. Panton and 
by Mr. E. G. Bennett (Associate-Member) and Mrs. 
Bennett, who drove them to their Hotel on the sea 
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front. As at Johannesburg, the friendship and 
hospitality extended by members in Durban to the 


President and his wife, were outstanding. On the 


evening of their arrival a Cocktail Party at the home 
of Mr. H. M. Irving (Member) and Mrs. Irving, enabled 
them to become acquainted with local members and 
friends. 

A visit was made with Mr. and Mrs. L. A. Gaitskell 
and Mr. and Mrs. E. G. Bennett on Sunday, 25th 
August, through the sugar growing district north of 
Durban to the Valley of a Thousand Hills and thence 
to the Nagle Dam on the Umgeni River. It is of 
interest to note that Mr. Leslie Turner and the Secre- 
tary were present at the official opening on 18th April, 
1950, of this large dam for which Mr. Irving was the 
Resident Engineer. Other interesting visits while 
at Durban were to the Natal Technical College, where 
Mr. J. C. Dickson (Associate) and Mr. J. F. B. Brown 
(Member) showed the President and his wife around 
the various sections. Later the President visited the 
University, beautifully situated on the heights over- 
looking Durban. ‘Here he was shown round by 
Professor J. R. Daymond (Associate-Member) and met 
the Principal, Dr. Malherbe. On the evening of 26th 
August, the President gave his lecture in the University 
at Durban before a large and appreciative audience. 

On 27th August a visit was arranged by Mr. Jervis 
of the Roberts Construction Company to see con- 
struction on the new prestressed concrete bridge 
across the River Tugela about 70 miles north of 
Durban. The President was accompanied by Messrs. 
Panton, Bennett and Irving. The bridge is an interest- 
ing structure of 7 spans each of 200 ft., the whole 
being fully continuous and all prestressed. The 
foundations for the piers are being taken to rock in 
caissons. Construction was in full progress during the 
visit, a special effort being required to have the remain- 
ing foundations in the river fully secured before the 
October floods. During the day Professor Daymond 
brought a party of engineering graduates to the site to 
see construction in progress. In the evening a most 
interesting day was rounded off by a dinner given 
by Mr. and Mrs. Jervis. 

On 28th August, following a visit to a Rayon Factory 
south of Durban, operated by British and Italian 
interests, the dinner of the Natal Section of the Branch 
took place at the Marine Hotel, among the distinguished 
guests being Dr. Malherbe. The toast of the Insti- 
tution was proposed by Mr. E. G. Bennett, Chairman, 
and replied to by the President, who expressed his 
pleasure in meeting so many members of the Natal 
Section of the Union of South Africa Branch, and 
thanked them for making the visit such a pleasant one. 

On 29th August, the President and his wife embarked 
on the “ Pretoria Castle ’’ which was to be their home 
for the remainder of the tour in Africa before leaving 
Cape Town on 6th September. 

Their stay in Durban was made memorable and 
enjoyable by the friendship and hospitality extended 
to them by local members, special acknowledgement 
being due to Mr. and Mrs. E. G. Bennett, Mr. and Mrs. 
H. M. Irving, Mr. and Mrs. L. A. Gaitskell, as well as to 
Mr. J. C. Panton, Hon. Secretary and Mrs. Panton. 
Nothing was too much for these members to give to 
the entertainment of the President and his wife. 

On 30th August, the “ Pretoria Castle ’’ docked at 
East London. Mr. and Mrs. Guthrie Brown were met 
by Mr. A. Bank (Graduate) the only member resident 
at present in the district. Mr. and Mrs. Bank devoted 
the whole time of the visitors’ stay in East London 
to showing them the most interesting scenery in the 
neighbourhood, including one of the largest pineapple 
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farms. Mr. Bank also arranged a meeting with the 
Mayor of East London, who expressed pleasure at the 
visit of the President and explained certain of the local 
problems he had to contend with. They left East 
London with many happy memories of the hospitality 
of Mr. and Mrs. Bank. 

On the 31st August the vessel reached Port Elizabeth 
and here they were met by Mr. D. D. Thomson (Asso- 
ciate-Member) and his wife. A tour of the city and its 
surroundings was arranged to enable the President to 
appreciate the industrial and other developments in 
progress. A visit to the Port Elizabeth Snake Pit 
to see the poison being extracted from snakes in order 
to prepare an antidote to snake bite was of great 
interest. Mr. Thomson arranged a lunch party at 
which local Institution members could meet the 
President, these including Mr. W. 5. Cragg (Associate- 
Member) and Mrs. Cragg, Mr. C. J. Harris (Graduate) 
and Mrs. Harris, Mr. E. B. Wardle (Associate-Member) 
and Mrs. Wardle. The President thanked those pre- 
sent for their kind hospitality and stressed the impor- 
tance of close liaison with the Johannesburg section, 
especially in connection with the Jubilee Celebrations 
in 1958. 

On Monday, 2nd September, the ‘‘ Pretoria Castle ”’ 
arrived in Cape Town for a four days’ stay there. Into 
this short period the members at Cape Town crammed 
an amount of friendly hospitality, sightseeing and 
entertainment which equalled any experienced on the 
tour and which was greatly appreciated by the President 
and his wife. The beauties of Cape Town and its 
surroundings were shown in full in the time available, 
and the weather was perfect. They have unforgettable 
memories of the beach scenes around the Peninsula, 
the beautiful Kirstenbosch Gardens, the wild flower 
reserve at Paarl and not least, the unique view of 
Cape Town by night from Signal Hill (1,147 feet) 
with the myriads of twinkling lights below. To crowd 
all these visits into four days required careful organi- 
sation by the Honorary Secretary, Mr. R. F. Norris 
(Associate-Member) and other local members. Special 
mention must be made of Mr. and Mrs. R. F. Norris, 
Mr. I. Gilinsky (Associate-Member) and Mrs. Gilinsky, 
Mr. A. C. Liebenberg (Associate-Member) and Mrs. 
Liebenberg, Mr. D. MacDonald and Mrs, MacDonald, 
Mr. D. A. H. Hill (Associate-Member) and Mrs. Hill, 
Mr. A. Downie (Associate-Member), Mr. H. Evans 
(Associate-Member) and Mrs. Evans, Mr. S. K. Jordan 
(Member) and Mrs. Jordan. They all devoted their 
time and provided the necessary transport to take the 
President and his wife to the many places of interest 
around Cape Town. 


One outstanding visit was arranged by Mr. S. S. 
Morris, M.I.C.E., City Engineer of Cape Town. Al- 
though not a member of the Institution, he took a 
keen interest in the arrangements for the President’s 
visit and organised an inspection of the dams at 
Steenbras and Wemmershoek. The former was a 
conventional gravity dam which was strengthened 
and heightened 63 ft. by Mr. Morris in consultation 
with M. Coyne by means of prestressed cables anchored 
into the rock under the dam. This enabled the in- 
creased demand for water for Cape Town to be met 
with the least delay. The attention given to the 
maintenance of the dam and the landscape treatment 
of the surrounding areas and especially of the rock 
gardens in the ravine immediately below the dam are 
outstanding. 

The Wemmersheok dam is a large earth embankment 
dam constructed under the direction of the City Engi- 
neer by George Wimpey & Co. Ltd. The final tidying 
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up and completion of the work is now in progress. 
The dam itself is an outstanding engineering work 
and measures 1,700 ft. long by 180 ft. high. 


A Cocktail Party on the evening of 3rd September 
gave the President the opportunity of meeting local 
mmembers and their wives as well as representatives 
of other Institutions. 


The President’s lecture was given in Cape Town 
University on the evening of Sth September before a 
large audience. Mr. R. Stubbs (Member) was in the 
chair. Mr. Morris, City Engineer, proposed the vote 
of thanks at the close of the lecture. 


This was the termination of the President’s visit as 
he and his wife left by the “ Pretoria Castle’ on the 
following afternoon. They held a farewell lunch on 
the ship which was attended by the various local 
members and their wives who had made the visit so 
memorable, and also Mr. and Mrs. S. S. Morris. 


The conclusions to be reached from the President's 
visit to Africa are that members in Africa greatly 
value a visit from the President of the Institution. 
This was emphasised on many occasions and the warm 
hearted hospitality extended to the President and his 
wife was confirmation of this. It was stressed that 
Presidential visits at closer intervals would be greatly 
welcomed and the President promised to bring to the 
notice of the Council the desirability of establishing 
five years as the maximum interval between Presi- 
dential visits. Many matters of interest were discussed 
and the special points of view of members in Africa 
were brought clearly to the notice of the President, 
who promised that these would be carefully considered 
by the Council. 


The outstanding impressions of the tour were the 
flourishing conditions in the various towns visited with 
large commercial buildings springing up from Nairobi 
in the North to Cape Town in the South. All this 
industrial activity was producing buildings of out- 
standing architectural merit and Structural Engineers 
were doing first class work in the designs of these very 
tall structures. 


Another notable feature was the magnificent 
modern road system being developed in the Union 
which could stand comparison with any other European 
country and which is far in advance of the road systems 
in Kenya or Rhodesia. 


In interviews with the Press at Nairobi, Johannes- 
burg and Durban, the President emphasised the 
important work being done by the members of the 
Institution in Africa and the high prestige value in 
belonging to this major Institution. In his speeches 
to members at the various dinners, the President 
stressed that members must make the public more 
aware of the work they were doing and exert them- 
selves to publicise the work of Structural Engineers. 
The Jubilee Celebrations to be carried out in Africa 
next year with banquets in the various cities will give 
local sections an excellent opportunity to bring the 
Institution and its members before the public. 


The visit of the President and his wife was made 
memorable by the warm hearted hospitality which 
was extended to them from Uganda to the Cape. 
The kindness shown to them was unforgettable. 
The President’s tour has indicated how greatly the 
Institution of Structural Engineers is respected in 
Africa and how much the members there appreciate 
a visit from the President. It is evident that a 
periodic visit by a President to Africa must be looked 
on as an essential requirement in the future. 
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The Effects of the Wheel Tread Profiles and 
other factors on the Long Travel Motion of 
Gantry Cranes 


By P. M. Worthington, B.Sc.(Eng.), A.M.I.C.E. 


Synopsis 

HIS paper describes a mathematical and experi- 

mental investigation into the behaviour of 
gantry cranes when long travelling. The work was 
started because of the severe wear suffered by the 
crane wheel flanges and the gantry rails in a number 
of heavy engineering works. Cranes designed with 
either cylindrical or conical tread wheels are in common 
use, and in either case a pair of wheels may or may 
not be made to rotate at identical speeds by means 
of a cross-shaft. These systems are analysed and 
their faults discussed. Axial float of the wheels in 
their bearings and the tread widths of wheels are also 
discussed. 


One method of avoiding flange wear is to use hori- 
zontally acting guide rollers, and the paper gives the 
theories of spring loaded and rigid guide rollers. A 
new method of overcoming flange wear is described, 
and this consists of wheels having profiles of more 
complex shape. The advantages and disadvantages 
of the system are put forward. Finally, conclusions 
are drawn and recommendations made for the design 
of wheel and shaft systems. 


All the theory has been checked, and some additional 
information obtained, by means of a model crane and 
track. 


Introduction 


This mathematical and experimental study of the 
behaviour of gantry cranes when long travelling was 
started in an attempt to find improvements for the 
cranes at Abbey Works. There, as in other works, 
the skewing of a crane makes the flanges of its wheels 
sometimes bind against the rails, thus causing con- 
siderable wear of both wheels and rails. The cost of 
maintenance is high, and in addition there is consider- 
able inconvenience when wheels or rails have to be 
renewed. This fault is not confined to a few particular 
cranes, nor indeed to a few particular works; but 
generally occurs whenever a crane is required to travel 
over considerable distances. The behaviour of a 
crane depends upon a number of things such as the 
profiles of the wheel treads and positions of the con- 
necting shafts. These things have been discussed by 
many authors, and the behaviour of cranes with ordin- 
ary conical wheels is now well understood.* Broadly, 
there are two systems in common use at present : 
cranes where all the wheels have cylindrical treads, 
and cranes having at least one pair of conical tread 
wheels which are made to rotate at identical speeds 
by means of a shaft. These two systems have entirely 
different characteristics, and both have some advan- 
tages and some disadvantages. For this reason the 


* A list of papers on the subject is given in Appendix II. 


old argument between their relative merits will never 
be resolved. One alternative system described in 
this paper involves the use of spring loaded guide rollers. 
Although guide rollers have already been used in 
Germany, they are by no means common practice yet. 
The other alternative system involves the use of wheels 
with treads of varying slope. 


Many other suggestions to the problem have been 
put forward. One is that the wheels on each side of 
the gantry should be independently driven by separate 
electric motors, the speeds of which are controlled 
automatically by feelers which keep contact with the 
rails. Another suggestion is that the crane should 
have arack and pinion system. Most of these systems, 
however, have the disadvantage of being either costly, 
or liable to breakdown. 


It is often suggested that the wear of crane wheel 
flanges is due to the mal-alignment of the rails and 
not to the crane itself. Of course, it is true to say 
that the operation of a crane is worse on a badly aligned 
gantry than on a correct one, but in the Author’s 
experience the design and construction of the crane is 
usually by far the more important factor. It will be 
seen from this paper how a crane may behave badly 
on a perfect track, and it is the study of this sort of 
behaviour with which this paper is mainly concerned. 


18) 


Theory of Creep of Rolling Wheels 


Suppose a wheel is rolling in the direction OA on 
a horizontal plane, as shown in Fig. 1. Let the wheel 
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load be W, and let there be an applied transverse 
force F, thus causing a friction force F between the 
wheel and the plane. If F/W is zero there is pure 
rolling and the wheel travels straight along OA, and 
if F/W is equal to the coefficient of friction the wheel 
slips sideways. But if F/W is between zero and the 
coefficient of friction, the wheel travels along a line OB 
at some small angle « to the plane of the wheel. This 
is due to the elastic strain of the surfaces in contact. 
The angle « is called the lateral creepage ; and the 
coefficient of lateral creepage, ui, may be defined by 
the equation 


Re Ware) lee ee) 


It has been shown experimentally that, within certain 
limits, 1 is constant for any particular wheel and 
surface, and is independent of W and «.* 


Similarly, if the force F is acting along OA there 
will be a longitudinal slip of the wheel along OA. 
Thus, the distance travelled by the wheel is different 
from the circumference multiplied by the number of 
revolutions. The ratio of slip to distance travelled 
is known as the longitudinal creepage denoted here 
by 8. The coefficient of longitudinal creepage, v2, is 
defined by the equation 


F = Wu28 ML see) nen | 


It has been shown experimentally that the coefficients 
of lateral and longitudinal creepage are identical, 
and for this reason both will henceforth be denoted 
by the symbol ut 


Cylindrical Tread Systems 


Crane with two shafts and two pairs of wheels 


First consider an accurately built crane having two 
shafts and two pairs of wheels as shown in Fig. 2. It 


Fig. 2 


will be assumed that there is no float in the axle 
bearings but that the tread width of the wheels is 
greater than the width of the rails. Let S be the 
span of the gantry, 6 the wheel base, @ the angle of 
skew and x the distance travelled by the crane froma 
given point. 

If the crane has an initial skewness 09, it will run 
straight and free in a direction at right-angles to its 
own body until the flanges of the leading wheels come 
into contact with the rails. To find the subsequent 


* “ Some Experiments on the Lateral Oscillation of Railway 
Vehicles,’ by R. D. Davies, Journal of the Institution of Civil 
Engineers, Vol. II, 1938-9, Page 224, 


+ A summary of notation is given in Appendix I. 
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motion of the crane, take moments of the creepage 
forces about the mid-point of the leading shaft. First, 
assuming the crane to be travelling in the direction of 
the rails but with it skewness remaining unchanged, 
there is a moment 2uW06b due to the transverse 
creepage of the rear wheels. Also, if the crane 1s 
rotating about the mid-point of the leading shaft 


2 

there is a moment 2nWb “ due to the transverse 
th heel damoment 4uW oe 

creepage on the rear wheels, an uW( 5) GZ, 

due to the longitudinal creepage on all wheels. Adding 

these moments together and equating to zero (since 


there can be no resulting moment on the crane) the 
equation 


ad S\2d0 
2uW( Ob b= )b &4aWl = aa 
ae (« ie) on ) dx Y 


is obtained. This can be simplified to 


S2 dé 
(Fi wjP+ v=o BP MeN) 


the solution of which can be written 


O== Ag ts ee 
where 
2b | 
d= op) 


A is an arbitrary constant which depends on the 
starting condition. 


Equation (4) shows that, as the crane proceeds along 
the track, the skewness tends asymptotically to zero. 
If the crane runs in one direction until the skewness 
is reduced to 0; and then reverses, it will run straight 
and free at an angle 0; for a distance 


t—a 


Fa —bd. 


The flanges of the leading wheels will then bind against 
the rails and the skewness will continue to reduce. 
Fig. 3 illustrates this motion, the skewness of the crane 


being represented by short lines drawn across the 
curve. 


Crane with one shaft and two pairs of wheels 


If the crane has two pairs of wheels, only one pair 
of which is connected by a shaft, the other pair being 
free to rotate independently, Equation (3) becomes 


S2 AG) 
aa 2) ee at 
(F +2) + 19 <0 Siete (6) 
the solution of which is 
Oe Ag PS =. ee ea 
where 


Poy 4b 
a ane 
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Fig. 3 


Fig. 4 


Fig. 5 


Hence, in this case the skewness is reduced more 
quickly than that of a crane with both pairs of wheels 
connected. This can be seen by comparing Fig. 4 with 
Fig..3. 


Crane with no shaft and two pairs of wheels 


Consider now the case of a crane having two pairs 
of wheels but no shaft, so that each wheel is free to 
rotate independently. It will be assumed that at 
least one wheel each end of the crane is driven by a 
separate motor, and that the motors each end of the 
crane have equal torques. Equation (3) becomes 


dO 
ee A) = ieee ieee) 


the solution of which may be written 


x 


Ga Meh... i pees cil) 


Hence, in this case the skewness is reduced very much 
more quickly than that of a crane with either one 
or two shafts. Its motion is illustrated in Fig. 5. 


An idea of the relative speeds of correcting can be 
obtained by substituting some figures in the above 
formulae. For example, taking S/b = 5, a crane with 
one shaft has to travel 7.25 times as far to reduce the 
skewness to the same extent as a crane with no shaft. 
A crane with two shafts has to travel 13.5 times as 
far as a crane with no shaft. 


It is, of course, an advantage that a crane should 
correct a skew angle quickly, but on the other hand 
there are disadvantages which will be discussed later. 


The effect of axial float 


It was assumed in the foregoing theory that there 
was no axial float in the axle bearings; but now con- 
sider the case when each front wheel is allowed an 
axial float f,/2, and each rear wheel f9/2, each side of its 
true and mean position. The arrangement is illus- 
trated in Fig. 6. For the first part of this discussion 


Fig. 6 


it makes no difference whether there are shafts or not, 


If the initial skewness is greater than (fi + f2)/26 
the crane will correct as before until 


oft $e 
yaa oR Gukbmpiba ns at oa 
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Fig. 7 


a 
£—4A— ——_ —*— —— 


ae 


Fig. 8 


and then, except for a minor effect to be described 
later, there is no further correction although the 
flanges of the wheels continue to bind. If the initial 
skewness lies within the range + (fi + fe)/26 to 
— (fi + fe)/2b the skewness of the crane is in neutral 
equilibrium and there is no tendency for it to change. 
In the case of a crane with no cross shaft, the shghtest 
moment (about a vertical axis) applied to the crane 
will alter the angle of skewness within this range. 
If the motor on one end of the crane is even slightly 
more powerful than that on the other, the one end 
will advance until the skewness is given by Equation 
(11), and then the crane will continue to bind against 
the rails. 

For these reasons float in the axle bearings is not 
desirable and should always be avoided in cylindrical 
tread systems. 


The results of tests with the model crane having 
two pairs of wheels and two shafts are illustrated in 
Figs. 7 and 8, and an interesting effect is shown. 
According to the theory given above, the skewness 
of the crane should remain constant, whatever the 
initial angle, provided that 00 lies between plus and 
minus (fi + f2)2d. In fact, it is seen that when the 
flanges are inside the track, the crane has a tendency 
to straighten, and when the flanges are outside the 
skewness increases until 


ee: 
gat Ea Me eres 


This is because, when a flange is binding, the effective 
diameter of the wheel is a little larger than the tread 
diameter. Thus, when a pair of wheels is connected 
by a shaft, the wheel with the binding flange tends 
to travel faster along the track, so steering the crane. 


In a crane having no shaft, the opposite happens. 
When a pair of wheels is not connected with a shaft, 
the effect of the increasing effective diameter 1s com- 
pletely lost, but another effect of opposite sign is 
brought in. When the flange of a wheel on one end 
of the crane is binding, a considerable retarding 
force is introduced, and the other end of the crane 
tends to move faster. 


Thus, when all wheels are connected with shafts 
there is an advantage in having the flanges on the 


insides of the wheels; but when there are no shafts 
there is an advantage in having the flanges on the 
outsides. In an intermediate case when some pairs 
of wheels are connected and some are not, the two 
forces compete. The Author is unable either from 
theory or from tests with the model to give a general 
guide as to whether it is better to have the flanges 
inside or outside on such cranes. It might seem from 
the theory that the flanges of connected wheels should 
be inside and the flanges of unconnected wheels cutside 
on the same crane. This would be undesirable, how- 
ever, since the span of the gantry can vary in practice, 
and on such a crane this would give the effects of 
mal-alignment of the wheels. 


The effect of mal-alignment of the wheels 


Now consider a crane having two pairs of wheels 
and two shafts, but in this case having the wheels 
incorrectly aligned as shown in Fig. 9. The axes of 


Fig. 9 


all four wheels are parallel but the rear wheels have 
an axial displacement 8 relative to the front wheels. 


If the initial skewness exceeds 38/b the flanges of 
the front wheels bind first and the crane then moves 
according to Equation (4) until the flanges of the rear 
wheels also bind. This happens when @ = 8/d. If 
the initial skewness is less than 8/b the flanges of the 
rear wheels bind first. In this case it is possible to 
find the subsequent motion of the crane by taking 
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moments of the creepage forces about the mid-point 
of the rear shaft. Thus 


a0 S\2d0 
2uW{ 6—b— )b—4uW( = we 
e (0 Pal au G) dx : 


or 


2 
(S + 08) = 0 OMe eee te 


the solution of which may be written 


GiecrAelao te Se 
where 
2b 
P= SE oF “1s 


This shows that the skewness increases as the crane 
travels, and the increase continues until the flanges 
of the front wheels bind in addition to the flanges of 
the rear wheels. The skewness given by 


Cen Ven ALG) 


is therefore a stable skewness, and after the crane has 
any small disturbance the skewness returns to this 
value. When the crane reverses it will run freely 
for a distance 


(¢—a) 
0 


when the flanges on the opposite sides of the wheels 
start to bind. Hence, if a crane with an error 6 is 
only required to operate over a distance 


(t—a)b 
.) 


? 


the flanges will not bind repeatedly. It is only when 
the crane is required to operate over a greater length 
of track that repeated binding occuts. These points 
are illustrated in Fig. 10. 
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While the crane is running skew-wise along the 
track, the lateral creeping force in each wheel is 
reacted by a force between the flange of the wheel 
and the side of the rail. This force is given by Equa- 
tion (1). 


If the crane shown in Fig. 9 were to be skewed in 
the opposite direction, then whatever the angle of 
skew the front wheel would bind first. Then according 
to Equation (4) the skewness would tend asymptotically 
to zero as is shown in Fig. 11. If the crane were 
reversed when the angle of skewness had reduced to 
01, the crane would run straight and free for a distance 


(t—a— 8) 
01 ‘ 

when the flanges of the front wheels would bind again 

and the skewness continue to correct. The position 

of no skewness, however, is a position of unstable 

equilibrium and the only position of stable equilibrium 

is that given by Equation (16). 


The behaviour of cranes with one shaft or no shafts 
is identical with the behaviour of cranes with two 
shafts except that the rate of moving into the stable 
position of skewness is greater. The angle of stable 
skewness is the same in each case, and so is the intensity 
of grinding. 


The effect of different motor torques on cranes without 
shafts 


The case of an accurately built crane having two 
pairs of wheels and no shafts will now be re-considered, 
this time taking into account the effect of different 
tractive forces on the two ends of the crane. It has 
already been shown that there is a correcting moment 
on the crane due to the transverse creepage of the 
tear wheels of 2uW0b. Hence, if the difference 
between the two tractive forces, P; and Pz, is given by 


4uW0b 
Ss 


Piz Poe (17) 


the skewness has no tendency to correct but remains 
constant. If, however, P;—Pz is greater, the angle 
§ will increase. To obtain an idea of the magnitude 
of Py;—P, that will upset an actual crane, some 
values can be substituted in Equation (17). For 


Fig. 11 
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Fig. 


example, take S/b = 5, and let the crane be in equili- 
brium at a skew angle 0 = 1/600 (that is, when one 
end leads the other by 2 inches per 100 feet of span). 
Then, taking p as 155* 


P\—P2 = 


An assumption inherent in Equation (17) is that 
the frictional resistances at the two ends of the crane 
are equal. But it has already been shown that this 
is not always the case, and when the flange of a wheel 
on one end of the crane is binding, a considerable 
retarding force is introduced which causes that end 
of the crane to move slower than the other. 

Two tests with the model crane are shown in Figs. 
12 and 13. Different values of the ratio P,:P, were 
obtained by attaching the towing thread to some 
point other than the mid-point of the crane. Thus, 
to obtain the ratio Py :P:::55:45 the thread was 
attached to a point on the crane 45 per cent across 
the rail span. Figs. 12 and 13 give results for a crane 
with the flanges inside, and it was found that the 
crane became unstable if the ratio P,:P, is greater 
than about 57:43. Similar experiments with the 
flanges outside showed that the crane continued to 
be stable until P :P2 exceeded about 85:15 although 
considerable flange binding took place when the ratio 
exceeded 75:25. This shows the great advantage in 
having the flanges on the outside only in cranes 
without shafts. 


Spring loaded guide rollers 

Two pairs of spring loaded guide rollers can be intro- 
duced with great advantage whether there are shafts 
or not. The arrangement is shown diagrammatically 
in Fig. 14. It should be noticed that at least two 
pairs of guide rollers are required so that a correcting 
moment (about a vertical axis) is applied when the 
crane is skew, as well as a correcting lateral force 
being applied when the crane is laterally displaced. 
Otherwise the crane could travel skew-wise con- 
tinuously without any means of correction. 

* This value is taken from “ Some Experiments on the Lateral 


Oscillation of Railway Vehicles,’ by R. D. Davies, Journal of 
the Institution of Civil Engineers, Vol. IT, 1938-9, Page 224, 


Conical Wheel Systems 


Crane with two shafts and two pairs of wheels 


Consider a crane having two pairs of conical wheels, 
each pair being connected with a shaft. Let the body 
of the crane be rigid, and let there be no float in 
the bearings. The system is shown in Fig. 15, 
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Fig. 16 


The rate of lateral creepage of the front pair of 
wheels is 


b dO 


eo 


2 dx 


which, from Equation (1), corresponds to a force on 
the crane of 


This, together with an equal and opposite force to the 
back pair of wheels, gives a couple on the crane of 


do 
Zr paca 
eae 


The rate of longitudinal creepage on the left-hand 


front wheel is 
S d0 b 2 
= Dea (286). 


where m is the cotangent of the coning angle of the 
wheel and D is its mean diameter. By Equation (2) 
this longitudinal creepage corresponds to a force on 
the crane of 


_SWyedd | 2Wu be 
2 dx ' mD\” 2 


which, together with the forces on the other three 
wheels, gives a couple on the crane of 


a0 4WuS 
ee i 


By adding the couples due to lateral and longitudinal 
creepage, and equating to zero, a differential equation 
of motion is obtained. Thus 


d@ 4S 
(s: -- ee Ay == (0) . 5 (18) 


Another equation of motion, obtained solely from the 
direction of rolling, is 


dy = —Odx. ME TO) 
Eliminating 0 from these last two equations, 


d?y 4 
Fr eesrewge. 


is obtained, the solution of which may be written 


=0, 13 8 


4 
b2 
mps(1 th a) 


the origin of the axis of x being chosen suitably. This 
shows that the system travels in a pure sine curve as 
shown in Fig. 16. The wave-length is given by 


2 
b= a] [mns(i +4) = ee ea 


and the amplitude depends solely on the starting 
conditions. By eliminating y from Equations (19) 
and (21) the angle of skew at any point may be obtained. 
Thus 


y = Asin Peel: #4 (21) 


4 
b2 


4 
XxX cos koe a (23) 


mDS(1 + 3) 


Crane with one shaft and two pairs of wheels 


§=—A 


Now let the rear shaft of the crane shown in Fig. 15 
be disconnected so that the rear wheels can rotate at 
different speeds. As in the crane with two shafts, 
the lateral creepage of the front pair of wheels is 


which, from Equation (1), corresponds to a force on 
the crane of 


b dO 
This, together with an equal and opposite force to the 


rear pair of wheels, gives a couple on the crane of 


do 
rhe 
ve dx 


The longitudinal creepage of the left-hand front wheel is 


S d0 Ox \ 5 2 
ano ir a (> 3) ab 
which, from Equation (2), corresponds to a force on the 


crane of 


SWydd  2Wuf 
rm Oy ely gi fe 


458 


U 


This, together with the force on the right-hand front 
wheel, gives a couple on the crane of 


StWud) | 2Wus b 4 
hide oD VO 


Adding the couples together and equating to zero a 
differential equation of motion of the crane is obtained. 


Thus 
e\do 4 b 
(1 428)2 ante 20) Nee 


Eliminating @ from this equation and Equation (19), 


b2\ d2y 2b \dy A 
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the solution of which may be written 


Fig. 


y = Ae ©* sin /(q2—p?)x . . (26) 
where 
b 
De ae (27) 
and 
4 


(28) 


the origin of the axis of x being chosen suitably. This 
shows that the crane travels in a damped sine curve, 
the wave-length being given by 


27s 
I == Vp)’ Ee Weer) 


and the damping factor, p, being given by 


piss GOREN 6) eee 


The damping factor is defined as the ratio of the 
amplitude at one oscillation to the amplitude one 
wave-length previously. 


If the crane reverses, it retraces its tracks and the 
amplitude increases. This can be shown by making 
b negative in Equations (27) and (28). The damping 
factor becomes 


ere 


* “ The Effect of Tapered Treads on the Motion of Overhead 
Travelling Cranes,” by E. L. Diamond and A. M. Frankau, 
Proceedings of the Institution of Mechanical Engineers, Vol. 162, 
1950, Page 225. 
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Since the damping which occurs when the crane 
travels in one direction is off-set by the excitation 
when the crane travels in the other direction, this 
system has no advantage over the two shaft system 
shown in Fig. 15. In fact, it has a disadvantage, 
because if the crane has a slight disturbance and then 
travels backwards for a great distance its amplitude 
increases until the flanges rub the rail each time as it 
oscillates from side to side. 


The motion of the crane is illustrated in Fig. 17. 


It should be noticed that whether the free running 
rear wheels have cylindrical or conical treads makes 
no difference to the calculations. This is because 
the steering effect of conical treads does not exist 
unless the pair of wheels is made to rotate at the same 
angular speed. Hence the choice of conical or cylin- 
drical treads for the free wheels makes no difference 
to the motion of the cranes. This has been confirmed 
with the model. 


Crane with no shaft and two pairs of wheels '' 


If neither pair of wheels is connected, the choice 
of cylindrical or conical treads for all wheels makes no 
difference to the performance of the crane. It may 
be said, therefore, that a crane having no shafts and 
two pairs of conical wheels is identical to the crane 
having no shafts and two pairs of cylindrical treads. 
The motion of this crane has already been described. 


Cranes with more than two pairs of wheels 


The motion of a crane having more than two pairs 
of wheels follows the same principles as those already 
described in this paper. Exact formulae for the wave- 
lengths, amplitudes and damping factors of some 
cranes having four pairs of wheels have been calculated 
by Diamond and Frankau.* Also, some experimental 
results are given in Table I. 


The effect of axral float 


Consider now the effect of axial float in a crane 
having two shafts and two pairs of conical wheels. 
The simplest case to discuss is when the float is so 
ereat that the natural axial movement of the shafts 
relative to each other is never restricted. The rear 
shaft does not exactly follow the front one but describes 
an equal sine curve slightly out of phase as shown in 
Fig. 18. The motion of each shaft is unaffected by 
the other, and the equation of its motion can therefore 
be found by putting 6 = 0 in Equation (21), thus 


y = Asin Wee Baie eee 


The wave-length is given by 


oslo DS): ssto2, ott ae 
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Wave- Damping factors 
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* These wave-lengths and damping factors are not independent 
of the amplitude. The figures given correspond to an amplitude 
of the model of +0.05 inch. 


+ These damping factors are theoretically unity. 
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TABLE I 


Locus of mid-point 
of front shaft 


Locus of mid-point 


of reac Shaft 


Wave - 
Wheel | lengths" 
(inches) 


System 


— 
ki 56 | 56 |0-75 |0-75 
ie 27127 |0-45] 1-15 


Damping factors* 
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mean 


0-75 
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Hence, the motion of the crane is the same as that 
when no float exists, except that the wave-length is 
very slightly decreased. This has no practical advant- 
age. It may be said that there is a slight advantage 
in that there is no lateral creepage and therefore less 
wear on the treads when float is provided, but tread 
wear due to this cause is unimportant. 


Now suppose that the amount of axial float is 
limited in extent, so that at times during the oscil- 
lations, the relative movement of the shafts is prevented. 
Davies has shown that this causes a slight damping 
of the sine curve, but unlike previous damped sine 
curves, the damping exists whichever direction the 
crane travels.t It is unfortunate, however, that 
this damping is too mild to be of practical use. It 
will be noted that in extreme cases when there is 
either no axial float or unrestricted axial float, the 
sine curve is not damped. 


In the foregoing discussion it was assumed that a 
pair of wheels, although having an axial float, are 
kept a constant distance apart by means of the con- 
necting shaft. If this were not done, the taper of the 
tread would lead each wheel to creep inwards until 
all the float was taken up. Thus, the effect of the 
float would then be eliminated. 


The foregoing discussion on axial float can be sum- 
marized as follows. Float on a crane having two 
shafts and two pairs of conical wheels is not worth 
while and involves the difficulty of keeping the span 
between a pair of wheels constant. A much more 
interesting and advantageous effect happens, however, 
in a crane having one shaft and two pairs of wheels. 
Let such a crane have conical front wheels connected 
by a shaft, and cylindrical rear wheels with axial 
float but no shaft. Whichever direction the crane 
travels, the motion of the connected pair of wheels 
is not influenced by the free wheelers provided that 
the float is sufficiently great that it is never taken up 
during a complete cycle. Hence, the crane describes 
a sine curve of constant amplitude. The effect of the 
float, therefore, is to remove the damping when the 
crane travels forwards and the excitation when the 
crane travels backwards. This effect is good, since 
an exciting crane can cause considerable wear. 


For the system to operate, the free wheels must 
have. cylindrical treads, otherwise the wheels creep 
inwards to the extremity of their freedom and the 
crane thus loses the effect of the float. A disadvantage 
of the system is that two types of tread are involved, 
thus causing the head of the rail to bed down into 
two slopes. Each wheel then bears on only half the 
width of the rail. This is not serious on light cranes 
where the bearing pressure is less than the maximum 
allowable ; but on heavy cranes where the bearing 
pressure is critical, more wheels, bigger wheels or wider 
rails may be involved. 


The effect of mal-alignment of the wheels 


If the wheels are incorrectly aligned, the motion 
of the crane will be the same as that of the correctly 
built crane. Very slight extra wear of the treads will 
be experienced, however, because when the crane is 
running centrally and straight each pair of wheels 
is slightly off-set, so that they experience longitudinal 
creep. 


t+ “Some Experiments on the Lateral Oscillation of Railway 
Vehicles,’ by R. D. Davies, Journal of the Institution of Civil 
Engineers, Vol. II, 1938-9, Page pire ide 
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Spring loaded guide rollers 


It has already been shown that a crane which iS 
asymmetrical, back to front, describes a damped sine 
curve when travelling in one direction ; but that this 
advantage is off-set by an excitation when the crane 
travels in the opposite direction. The motion of a 
crane can only be regarded as completely satisfactory 
when its oscillations are damped whichever direction 
it travels. One way of producing this effect is by 
incorporating spring loaded rollers which press against 
the sides of the rails as shown in Figs. 19, 21 and 22. 
These rollers are arranged so that they provide a 
lateral restoring force whenever the crane becomes 
laterally displaced. 


Consider a symmetrical crane having two shafts, 
two pairs of conical wheels and one pair of guide 
rollers as shown in Fig. 19. Let the lateral restoring 


Fig. 19 


force be F, and let it be proportional to the lateral 
displacement, y, of the mid-point of the crane, thus 


Fos hy o's ee) 
where & is the stiffness of the springs. This force is 
reacted by lateral shear forces between rails and 


wheels, and from Equation (1), this produces an inward 
lateral creepage of 


Hence, by equating this to the geometrical formula 
for creepage, 


Ly a 4 ee 


is obtained. Eliminating 0 from this equation and 
Equation (18) 


dy k. dy 4 
dx? + 4uW dx ga 2 
mDS ) 


y= 0, USS) 
ties 


the solution of which may be written 


y = Ae ™™ siny/(q2—p2)x . «| (386) 


where 
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Fig. 20 


and 


/ 4 
2 
<bean) 
the origin of the axis of x being chosen suitably. This 


shows that the crane travels in a damped sine curve, 
the wave-length being given by 


q= Phill eas) 


27 
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Vige—P) ee 
and the damping factor being given by 
he J ele Pate Mana othe 0) 


If the crane reverses, it does not in this case retrace 
its tracks, but its oscillations continue to damp with 
the same damping factor. This is clear from Equations 
(37) and (38) since # and g are independent of the sign 
of b. The motion of the crane is illustrated in Fig. 20. 


Better results can be obtained with two pairs of 
guide rollers arranged as shown in Fig. 21. In this 


Fig. 21 


case the rollers not only provide a restoring lateral 
force when the crane is displaced laterally, but they 
also provide a restoring moment when the crane is 
displaced angularly. 

Now consider. a crane with two pairs of wheels, 
only one of which is connected with a shaft, as shown 
in Fig. 22. Since the crane is now asymmetrical, 
there is no reason why the pair of guide rollers should 
be placed centrally. In fact, they may be better 
placed in some other position, and it will be assumed 
for the present that they are at a distance d behind 
the centre of the crane, as shown in the figure. 


As before, let the force in the roller be proportional 
to the displacement of the roller, thus 


Fo== shoe Ody ee (411) 


Fig. 22 


This produces a lateral creepage 


__ Rly + 04) 
4uW 
and hence, 
dy _ __R(y + 64) 


Taking moments about the mid-point of the crane, and 
remembering that the force F can be replaced by an 
equal force at the middle of the crane together with 
a couple Fd, the equation 


S2 
dp Ss Wadd 4 2WeS(y 2a) —ra=0 (43) 
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is obtained. Eliminating F and @ from Equations 
(41), (42) and (43), 
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The damping factor depends on the term 


1 2b2\ & 2b 2kd 
+ “3 )JaaW * mDS  S?*Wa 
The damping factor is, therefore, equal for forwards 
and backwards travel when the value of this term is 


unaltered by changing the signs of } and d together, 
that is when 
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or when 


ah Sd eee ee 
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This is the best value for d, since if d has any other 
value the damping factor will be increased for one 
direction of travel, and decreased for the other. Sub- 
stituting for d from Equation (45) into Equation (44), 
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the solution of which may be written 
y= Ae * sin J (q?2—p?)x : (47) 
where 
k 
= sp ae ee 4 
and 


(49) 


the origin of the axis of x being chosen suitably. 
Hence, the crane again travels in a damped sine curve, 
the wave-length being given by 


2% 
= Ve oe 
and the damping factor being given by 
pS Phe gy 6 eee 


equally for both directions. 


Wheels with Treads of varying Slope 


Parabolic treads 


There is another method of producing the lateral 
restoring force, which does not involve the mechanical 
complexity of spring loaded guide rollers. This is to 
give the wheel treads varying slopes. Consider for 
example a pair of wheels having parabolic profiles 
as shown in Fig. 23. 


Now if the crane has a lateral displacement y, 
the effective diameter of one wheel is increased by 


2 ee 
mos Ae 


and the effective diameter of the other is decreased by 
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Position of rail 
when crane is 


central. 
t w 


Therefore the difference in diameter is 


4 

ps 

which is linear in y and is the same as for plain conical 
wheels. The rail has a component of lateral force on 
the wheel which is proportional to the angle of slope 
of the tread at that point. Thus, on one of the wheels 
the force is 


and on the other the force is 


d 2 k 
eae aera seh yr 
4(p = 9 +p») W 


Differentiating and adding these quantities gives the 
total lateral force on the pair of wheels, thus 


Pip, te, aoe 


which is linear in y and gives the same result as one 
pair of spring loaded rollers with springs of stiffness k, 
and placed in line with the wheels. It will be noticed 
that with plain conical wheels the two lateral forces 
from the two opposite wheels cancel each other, and 
therefore have no beneficial effect. 


Half-conical and double-conical treads 


Parabolic wheels have the disadvantage that they 
only give a point contact with the rail and therefore 
high bearing pressures result. This disadvantage 
can be overcome by having half-conical wheels of 
the type shown in Fig. 24(a). These tend to wear 


(a) 
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the rail head into two distinct flats, and the bearing 
length at any one time is only half the width of the rail. 


Free wheels, unconnected by shafts, may have 
double-conical treads of the kind shown in Fig. 24(b) 
and this has the advantage that twice the restoring 
force is present for the same coning angle. The 
double-conical tread should not be used, however, 
when the wheels are connected by a shaft, otherwise 
the steering effect of conical wheels is lost. Also, 
if the span of the gantry is a little greater than the 
span of the wheels, double-conical wheels connected 
with a shaft would have the effect of steering the crane 
away from the centre. 


If both half-conical and double-conical wheels are 
used on the same crane the rail heads will tend to 
wear to three separate flats. If the wheel loading 
is light this is no disadvantage, but if it is heavy it 
may be best to avoid it. This can be done either by 
having half-conical wheels throughout, or by having 
plain conical wheels where the wheels are connected, 
and double-conical wheels where they are unconnected. 


When half-conical or double-conical wheels are used 
on a crane, its motion can no longer be represented 
by any of the previous equations. This is because 
the correcting force from the wheels is no longer 
proportional to the displacement, but is a constant and 
merely changes sign as the wheel crosses the centre 
line of the rail. Thus the wave-length and damping 
factors are no longer independent of the amplitude. 


A model crane was used te determine the damping 
factors and wave-lengths for cranes fitted with half-— 
and double-conical wheels. The results of these tests 
are given in Table I. 


Experiments done with the model have shown that 
there is no advantage in using half- or double-conical 
wheels on cranes without shafts. The correcting 
forces induced by the wheels are too mild to overcome 
those due to flange action and unequal tractive forces. 


The Model Cranes 


The model crane shown in Plates I to V was used 
to verify the theory given previously in this paper and 
to find the results given in Table I. The railtrack 
was 12 feet long and 1 foot gauge. The rails were 
made of 1 inch by 1 inch by # inch steel angle section, 
and the tops of the rails were filed flat and chamfered 
so that the width of the bearing surfaces was #5 inch. 
The rails were lined and levelled to within +0.015 
inches everywhere. 


Plate 1.—General view of the railtrack and 
crane with tracing device 
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Plate 3.—Underneath view of crane having 
4 pairs of wheels 


Plate 4.—The spring loaded side rollers 
(part of the crane is removed) 


Plate 5.—Cylindrical, conical, half-conical 
and double-conical wheels 


464 


The crane parts were interchangeable so that 
various cranes with either 2 or 4 pairs of wheels could 
be constructed. The bearings for each pair of wheels 
were mounted on a solid steel bar 16 inches long ; 
but the bars were joined together with a system of 
flat strips of spring steel. This allowed one bar to 
tilt relative to another and thus maintain equal 
bearing pressures on all wheels. The strips of spring 
steel were arranged in such a way that no other freedom 
was allowed between one bar and another, so that the 
motion of the crane was unaffected by them. 


In all the experiments with cranes having 2 pairs 
of wheels, the wheel base, 0, was 24 anches.. Lhe 
cranes with 4 pairs of wheels had the wheels spaced 
as shown in Fig. 25. All the wheels had an effective 
tread width of 2 inches and a diameter of # inch at 
the mid-section. The plain conical and double-conical 
wheels had a coning cotangent of 16:1. The treads 
of all the wheels were ground to a tolerance of +0.0005 
inch. 


| %e" | 344” 1a" 


Fig. 25 


The motion of cranes fitted with cylindrical tread 
wheels was determined from measurements made 
directly from the crane when on the railtrack. 


In order to measure wave-lengths and damping 
factors for cranes fitted with conical, half-conical and 
double-conical wheels, a holder which supported a 
ball point pen was attached to the crane. This is 
shown in Plate I. The pen was held so that its axis 
was vertical and the ball of the pen was vertically 
underneath the geometric centre of the crane. The 
pen was allowed movement along its axis only, and 
a load of two ounces was placed on it. A strip of 
paper was placed underneath the crane so that the 
crane path was traced by the ball pen. 


The crane was first set up at one end of the track, 
squarely across it, and with a measured sideways 
displacement. The crane was pulled along the track 
by a piece of thread, attached to the mid-point of the 
crane. Care was taken to keep the thread horizontal 
and at right angles to the body of the crane. 


Thus the crane traced its path on the paper and a 
curve such as a, aj, a2, ... in Fig. 26 was produced. 
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The crane was then returned to its starting point, 
set squarely across the track again and given an equal 
but opposite displacement. On pulling the crane 
down the track again a curve such as b, 61, be, ... was 
described. The experiment could, of course, be 
repeated with any other initial displacements, thus 
giving a wide range of amplitudes. 


To find the damping factor from these traces, the 
distances 2yo, 2y1, 2ve,... were measured, and a 
graph was plotted showing 2yn against 2yp_2. In 
the case of cranes having conical wheels but no half- 
or double-conical wheels the graph was a straight line 
and the slope represented the damping factor. For 
cranes using half- or double-conical wheels, however, 
the graphs were no longer straight. In Table I the 
damping factors quoted correspond to an amplitude 
of +0.05 inch of the model, and these were found by 
measuring the slope of the tangent at this point on the 
graph. This amplitude corresponds to an amplitude 
on a 100-foot span crane of about +5 inches. 


A graph of wave-length against damping factor was 
also drawn so that the wave-length corresponding to 
an amplitude of +0.05 inch could be measured. 
The results are shown in Table I. 


Conclusions and Recommendations 
Wheel and axle systems 


For the purpose of studying the relative merits of 
different systems, cranes may be classified in five main 
groups : 

(a) Systems without shafts, 

(b) Cylindrical tread systems, 

(c) Conical tread systems which are symmetrical 

(that is the same front and rear), 
(d) Conical tread systems which are asymmetrical, 
(e) Half- and double-conical tread systems. é 


The first two of these systems are similar except that 
cranes without shafts are very much more sensitive 
(in fact too sensitive) and are adversely affected by 
motors having different torques. The general recom- 
mendation is that cranes should have shafts. But 
where there is some special reason that a shaft should 
not be used, good results can be obtained by using 
guide rollers. This type of crane should have cylin- 
drical wheels. Cranes without either shafts or guide 
rollers are unreliable. 


A cylindrical tread system is sound if the crane is 
constructed accurately and remains so, but some 
errors in the crane, which are certain to occur in 
practice, cause the crane to run skew-wise. This 
causes flange wear if the distance the crane is expected 
to travel is greater than the free running distance. 
Because of these defects, cylindrical tread systems 
are not recommended unless either the distance over 
which the crane operates is small (that is, within the 
free running distance), or guide rollers are fitted. 


December, 1957 


A conical tread system is good provided the crane is 
symmetrical front to rear. In this case the crane is 
expected to describe a sine curve of constant amplitude 
and, therefore, no serious binding can take place 
except when the rails are not straight. Such a crane 
is satisfactory, though two shafts are involved which 
increases the cost. 


On the other hand, ordinary conical wheels should 
not be used on asymmetrical cranes, where for example 
there is only one shaft connecting one pair cf wheels. 
In this case the crane excites when travelling in one 
direction, and if the crane is expected to travel long 
distances flange wear will result. This fault can be 
overcome to some extent by allowing axial float in 
the free wheels, and can be completely overcome by 
means of guide rollers. 


For both symmetrical and asymmetrical cranes, 
half-conical and double-conical wheels will improve 
the motion. They should be arranged so that the 
damping factor is less than unity for both directions 
of travel. There is only one disadvantage of the wheels 
and that is that the effective bearing width is only 
half the width of the rail. While this is an important 
consideration in very heavy duty cranes it is usually 
of little consequence and can in any case be taken 
into account in design. Many wheels of existing 
traditional cranes bear on only half the rail width 
where the crane has conical driving wheels and cylin- 
drical trailers. 


Axial float in the wheels 


No axial float should be permitted in any cranes with 
cylindrical tread systems, or in any cranes without 
cross shafts. Also, no axial float should be permitted 
in a pair of coned wheels unless the wheels are kept 
a fixed distance apart by means of a direct cross shaft. 
Subject to these rules there is neither harm nor advan- 
tage in using axial float in conical tread systems which 
are symmetrical. 


The only case where axial float is an advantage is 
in asymmetrical conical tread systems. For example, 
in a crane with a pair of conical wheels connected with 
a shaft in front and a pair of cylindrical free wheels 
behind, it would be an advantage to allow axial float 
in the free wheels. 


No axial float should be used in conjunction with half- 
and double-conical tread systems. 


No wheel should have any freedom to steer relative 
to the crane. In cranes having 4 or 8 pairs of wheels 
it is common to mount the wheels in pairs in bogies. 
In such cases the bogies should have no freedom to 
steer. 


Guide rollers 


Guide rollers fall into three distinct categories : 
spring loaded, rigid, and composite. The spring 
loaded rollers provide a restoring force whenever 
the crane is not exactly central. The rigid rollers do 
not do this but take the place of the wheel flanges in 
providing a limit to the extent to which the crane can 
displace laterally. A composite roller does both of 
these things, and as the lateral displacement of the 
crane increases, the spring supporting the roller 
continues to compress, ultimately coming against a 
rigid stop. In the case of rigid and composite rollers, 
the wheel flanges are not required. 


Spring loaded and composite rollers improve the 
behaviour of cranes in every sense, but rigid rollers 
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do not alter the tendency of a crane to run skew-wise. 
They only replace the flange binding with a roller 
action which, ef course, is a more satisfactory mech- 
anical arrangement. 


All cranes without shafts are unreliable unless 
guide rollers are fitted. All cranes with shafts but 
having cylindrical tread systems are unreliable without 
guide rollers unless their normal service only requires 
them to operate over a short length of track. The 
guide rollers may be of any of the three kinds. 


Symmetrical conical tread systems give satisfactory 
service, and there is, therefore, not much advantage 
in fitting guide rollers. In asymmetrical conical 
systems where the crane has to operate over a great 
length of track, spring loaded or composite guide 
rollers should be used to bring the damping factor to 
a figure not greater than unity for each direction of 
travel. 


Although a single pair of spring loaded rollers may 
be used on conical tread systems, it is always necessary 
to have at least two pairs on cylindrical tread systems, 
or systems without shafts. 


Guide rollers need not be fitted to cranes having 
half- and double-conical wheel systems. 


The coning angle 


The coning angle cf conical wheels is usually 1:16, 
and there is no reason to suggest any change. The 
same coning angle should be used for. half-conicat 
and double-conical wheels. 


Tread width and flange positions 


One reason for having the tread width greater than 
the rail width is to accommodate local deviations of the 
rails and variations in the span of the gantry. 
Another reason is to increase the free running 
distance in certain types of cranes. The Author 
considers that the tread widths should be somewhat 
ereater than is common practice today. Tread widths 
5 inches greater than rail widths have already 
been used at Abbey Works with success. As an 
empirical working rule, the tread width could be 
about 5 inches greater than rail width for cranes of 
100 feet span, with slightly smaller treads for smaller 
cranes. This applies to wheels with all types of tread. 


It is customary, at present, to have two flanges to 
each wheel. There is no reason to change this practice 
except in cranes without shafts, in which case it is 


Rail span agit 


Fig. 27 
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preferable to have outside flanges only. If omitting 
the inside flanges is thought to be unsafe, then each 
inside flange should be moved towards the centre of 
the crane by about an inch so that the outside flanges 
are more generally used. This arrangement is shown 
in Fig. 27. 


(a) (b) 


Flange design 


It has been customary to design square type flanges 
as shown in Fig. 28(a), but the Author considers that 
sloping ones, as shown in Fig. 28(b) are better. The 
sloping flanges are less likely to cut the side of the rail, 
and less likely to ride on to the rail. This recom- 
mendation is, incidentally, in keeping with railway 
practice. 


The wheel base 


Sometimes it is thought that the wheel base of a 
crane, that is the distance between the front and rear 
wheels, should be as great as possible to achieve a 
satisfactory performance. This is not always So, 
and the choice of wheel base depends upon the layout 
of the crane and the types of tread to be used. For 
the present, just three broad categories will be dealt 
with : cylindrical tread systems, symmetrical systems 
with conical treads, and asymmetrical systems with 
conical treads. 


In the case of cylindrical tread systems the longer 
the wheel base the better. This can be seen from 
Equation (16), where, if 5 is assumed constant, 9 
becomes smaller as ) becomes greater. 


In the case of a symmetrical crane having conical 
treads, the wheel base has little or no effect on the 
extent of flange wear. 


In the case of an asymmetrical crane having conical 
treads, there is an advantage in having the wheel 
base as short as possible. As b becomes smaller, 
Equation (27) shows that p becomes smaller, and thus, 
from Equation (30), the damping factors for the 
forwards and backwards direction of motion become 
more nearly equal. 
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Appendix I 


Summary of Notation 


a width of rails 
b wheel base of crane having two pairs of wheels 
D mean wheel diameter 
d distance of guide rollers behind centre of crane 
Ee lateral force applied to crane 
fi axial float of the front pair of wheels 
® axial float of the rear pair of wheels 
R stiffness of guide roller spring 
m cotangent of coning angle of wheels 
N number of pairs of wheels on crane 


n number of pairs of wheels coupled by shafts 

P and P» the tractive forces at the two ends of a crane without 
shafts 

span of gantry 

tread width of wheels 

wheel load 

distance of travel of crane along the track 

lateral displacement of crane 

lateral creepage 

longitudinal creepage 

axial displacement of wheels in incorrectly built crane 

angle of skew of crane 

wave-length 

coefficient of creepage 

damping factor 
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An Investigation of the Stresses and Deflections 
in Castellated Beams 


By J. E. Gibson, M.Sc.(Maths.), Ph.D., A.M.I.C.E.* and W. M. Jenkins, B.Sc., Grad.I.C.E.+ 


\ Summary 


“| Bee behaviour of castellated I beams which are 
primarily I beams with regularly spaced hexagonal 
holes in the webs is investigated for the case of bending 
in a simply supported centrally loaded beam. An 
approximate analysis is presented which presumes 
that the beam will behave as a vierendeel girder, 
this is followed by a photoelastic investigation in 
which a model castellated I beam is used. The 
second part of the experimental investigation is con- 
cerned with the stress distribution and deflections of 
actual steel castellated beams as supplied by the 
manufacturers. The derived theory is applied to both 
the latter and the previous photoelastic investigation. 
Finally the elementary beam theory as used by the 
manufacturers in compiling safe load tables is examined 
in relationship to the presented theory and the experi- 
mental results. 


Introduction 


The Authors in a previous paper! have investigated 
the stress distribution in a beam with a circular hole 
utilising stress functions. The utilisation of stress 
functions for single internal contours is relatively 
easy but their application to a multi connected region, 
such as is presented by castellated sections, is extremely 
complicated ; especially when the internal contours 
are hexagonal. Because of the inherent complications 
of such a stress function analysis, the Authors decided 
to use a more practical approach to the theoretical 
problem. 


Fortunately the work of L. Chitty and Professor 
A. J. S. Pippard?, 3 ad 4 in relation to the analysis of 
vierendeel girder types of structure, provided an 
approximate solution and their theories were modified 
to satisfy the particular requirements of the present 
problem. 


This method of analysis, in which the stress theory 
for an open panelled structure has been applied to the 
case of a multi connected web structure, cannot of 
necessity predict local stress concentrations which 
may occur in the web of the section. However it 
will be seen that such stress concentrations, which 
are purely local, are unlikely to be critical in the 
determination of the safe loading capacity of the beam. 


This approximate theory is then examined in 
relationship to experimental data obtained from 
phctoelastic investigations and actual tests on castel- 
lated beams. 


Both the theoretical and experimental work in 
this present paper have been limited to the elastic 
range but it is hoped that, in the near future, a similar 
investigation in the plastic domain will be presented. 


* Senior Lecturer in Civil Engineering, The University of 
Manchester. 

+ Lecturer in Civil Engineering, King’s College, London 
University. 


Theoretical Analysis 


The method of analysis adopted in this paper is 
a modified form of that used by Chitty and Pippard* 
for open panel structures. The method is approximate 
and consists essentially in replacing the discontinuous 
web by a continuous medium which is designed to 
transmit actions to the flanges similar to those of the 
original web members. 


Initially, let it be supposed that the structure to be 
examined consists of uniferm members for the top 
and bottom chords and uniform vertical web members. 
It will be further assumed that the shortening of the 
vertical members due to axial thrust may be ignored. 


Consider such an open panelled structure of span L 
carrying a uniformly distributed load of w along the 
top chord and let the lengths of the vertical members 
be J, let the verticals be uniformly spaced at a distance 
h apart. 


Fig. 1(b) 


Consider Fig. 1, let the origin of the axes x, y be 
as shown i.e. at the support end of the top chord, 
the positive directions being as shown. Let the 
compressive and tensile forces in the top and bottom 
chords be P and the terminal moments acting on the 
vertical member be Mg, for equilibrium obviously 


PL = 2MG “WP =I2Mofl @:- . (1) 
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Now the axial force P will cause an angular deflection 
© of the top chord and due to the end moment M0 
the vertical member will rotate through an angle 0 
and if it be assumed that the joint between the chord 
and the vertical member is rigid this rotation of the 
vertical member will be communicated to the top chord. 
Thus the total angular rotation of the top chord will 


be ¢ + 6. Thus immediately for the top chord we 
have 

dy 

coe ine (2) 


which by convention will be assumed positive. 


It will be assumed that the bottom chord suffers 
the same angular rotation. Now due to the axial 
thrust P the top chord at any section x will be shortened 
by an amount A and the bottom chord increased by 
an equal amount. If 9 is the angular rotation caused 
by this deflection then obviously 


9 = 2A/l AU ntvh i theca 


If the cross sectional area of the chords is denoted 
by A then 


L/2 
2 2 
o = Ab AE ax (5) 
x 
where 
x 
PEO Moll. i. ee eS) 
0 


Again by considering the rotation of the vertical 
member due to the end moments Mg, it is easily proved 
that. its end rotation @ is given by 


0 = Mpl/6ET.. S52) +o 
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Now let it be assumed that the vertical web members 
are replaced by a continuous web member that com- 
municates a bending moment m per unit length and 
a thrust ¢ per unit length to the top and bottom chords 
as shown in Fig. 2. It will be further assumed that 
these moments and thrusts produce the same stress 
distributions and deflections as did the original web 
verticals. The previous equations may be thus modi- 
fied in the following manner. Equation (6) is replaced 


by 
x 
2 
p= | as 1) ache WERE 
0 
whilst equation (5) now takes the form 
L/2 x 
2 1 2m 
o=2/+/ j he ae, eee 
x 0 


Now if 71 is the moment of inertia per unit width 
of the web, by comparison with (7) we have immediately 


0 = mi/6ED , erat ogee tO) 


Now substituting equations (9) and (10) in (2) we 
haye 


1} 


L/2 x 

dy De 1 2m 

Ze SS ] 1 , , 

<> = ml[6ED + Eto eft md dx. —.  (1) 
x 0 


Now consider Fig. 2 which represents elements of 
length 3x of the top and bottom chords. Let the 
shear forces and moments acting on the elements be 
as shown whence considering the equilibrium of the 
elements we have immediately 


(a) 3M, 4+-m3x--F,3x=0 Ob mth; | 
(b) 3Fy +wdx—tdx =0 

dM Wa 
(c) 3Mo+msx—Fod8x=0 .. == m+ Foe 


(d) 3Fo +tdx =) 


Whence if M is the total moment acting at the 
section then 


M=M,+ Me 


and 


aM _ aM, , adMz2 
de> Nabe dx 


sn Dyn Ts 
from 12(a) and 12(c) 


where F — F, + Fe is the total vertical shear at the ~ 
section. 


Now using the normal Euler Bernoulli bending 
equation we have immediately that the total bending 


moment MV is 
d2y 
M=—2 = 
(3) 2. ay 


and substituting this value of M in equation 13 then 
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ad aty 
z( OEL 4 hi: 


Now differentiating equation (11) with respect to x 


2m+F . (15) 


x 
OP ike Baer 
dx GED dx PAR 
0 ee (16) 


(b) ay 1 dm 2 2m 
de® GET G2 FAB 7 


whence substituting equation 16(b) in (15) 


: Inccdimnt  ee Dee oe 
> k 2 RETR 
EL een dee ay } Coes) 


and writing 


EIUGEI* = Va? Borers! Boe (18) 
and 
iD 9 ele ea eels) 


equation (17) eventually reduces to 


@2 2 
rm + F = 0 58420) 
where 
4k? 


Now the solution of equation (20) is easily proved to 
be 


2 
m= A cosh ux + B sinh wx + oe cate 5) 


where A and B are arbitrary constants and F is the 
total shear at the section. 


Again from equations (12) it may be proved that 


dF 
oo) ee ey ; ; ; pe 
ae uw (23) 
and that 

(24) 


On substituting the expression for m as given by 
equation (22) in equation (16b) and integrating, an 
expression for the vertical deflection of the chords may 
be obtained. However as the experimental work 
was limited to the investigation of stresses and deflec- 
tions in simply supported girders, centrally loaded, 
only this case will now be derived. 


Simply Supported Girder carrying Central Point Load 


In the case of a simply supported girder of length L 
and carrying a central point load W the vertical shear 
is constant i.e. 


F=+Wwy2 Nil FA Sea (0.34 
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and ¢ = 0 from equation (24) as F is constant and thus 
equation (22) reduces to 


a2 W 
By, 


22 


m = A cosh px + B sinh px + (26) 


and the following conditions must exist at 


dy 
j dy 
ee ce 


these conditions for y must be immediately interpreted 
as conditions for m by using equation (16). 


Using the first conditions in equation (11) then at 
x = L/2,m = 0 and the second condition in (16)a then 


dm 
al Bie (Ora Oe 


These two conditions on substituting in equation (22) 
give 
a2W 


as ~ 4u2 cosh wL/2 


(27) 
BEC 


Substituting these values of the arbitrary constants 
in equation (26) we have finally 


2 
a2W cosh px 1 x (28) 
4u2 \ cosh wL/2 de 


he == 


Now substituting this value for m in equation (16b) 
and using the relevant end conditions, it may be easily 
proved that the deflection y is given by 


Ww Ay ae 
> aET i( 8 a) 
% sinh wx 


w2 v3 cosh pL/2 
(Dy ata 6.2 Te yy 


KH 


(1—a) 


(c) J) = wlc/L = Icjh where h = 1.08 @ 
(d) k2 =I/A 

(c) u2 = a2 (1 + 482/22) 

(f) A == 4h cAflA4 


Now the chord force P is given by 


2m. 2 a sinh px 
Pes he SAG Omaposk whe 


25 } (30) 


sinh px 


and in the interval 0 < x < L/2 cosh uL/2 


2 
Finally since =; = 1/(1 + 4hk?/l?) and 4h?/l? is very 


2 
small i.e. al > 1, then equation (30) reduces to the 
iL 
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following approximate expression for P 


Wx 


P= (31) 


The actual bending moment 6 in the real structure 
will be given by 


thle 


—a?W [{ 2sinh ph/2 
My = fm. hy ip? ( cosh Fe) | 


—h|? 


and again in the interval 0 < x < L/2 this reduces to 
the following approximate equation 


Mo <2: Wh/4 gs pai 


where / is the distance between the centre lines of 
adjacent castellations i.e. between the centre lines of 
the adjacent verticals. 


A pplication of the theory to Castellated Beams. 


The preceding theory will now be applied to the 
case of castellated sections, the shapes of which are 
shown in Fig. 3. These sections are formed by cutting 
a standard rolled steel joist of depth d to the half 
hexagonal form shown in the figure separating and 
then welding along the centre line as indicated. The 
resulting depth of the so called castellated section is 
thus increased to 1.5d, the resulting geometrical shape 
and other dimensions being as shown in Fig. 3. 


254-294 asd2od 
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The distance of the neutral axis 7 from the bottom 
edge of the section is 


y= { Bi (y a 0.5¢2) a ny22 bia (5 (34) 


and finally the moment of inertia J of the section about 
the neutral axis is given by 


I = Bt8/12 + Bre y 4. 05s 7} + ty3/12 


Seay gH v12 b2 1 gonuttedm alae 


It will be found that in the majority of manufactured 
rolled steel sections, that are castellated, that y=~y. 


It is now necessary to examine the bending of the 
vertical member ABCDEF shown in Fig. 4. It is 
relatively easy to show that the end rotation 6 of this 
member due to the terminal couples Mg is given by 
the equation 


In applying the preceding theory to such castellated 
sections it will be assumed that the top and bottom 
flanges of the beam are T sections as shown in Fig. 3 
and that the verticals consist of the dashed line 
ABCDEF, as shown in Fig. 4. The overall length 
of the verticals is J = 2b, b being measured from the 
centre line of the section as a whole to the neutral 
axis of a flange section. 


By considering the shape of the top and bottom 
flanges it is easy to show that if the cross section is 
assumed to be a regular 7, as shown in Fig. 3 then the 
cross sectional area will be given by 


A = Bie + hy : a x (33) 
where 


y = 0.25 d—tz 


9 = a (36) 
where 
2b = 1.5d — 2tp 
and where 
(a) AEP est apet ie slog «S| 
(b) ky = 0.129%; ( (37) 


(c) a = 0.216d J 


Equations (33-37) thus provide sufficient information 
to allow the fundamental constants k?, «, w and A as 
given by equation (29) to be calculated. Having » 
determined these constants it is then necessary to 
examine the various stress systems caused by the 
chord force P and the terminal moments M9. 


The chord force P will produce a direct chord stress 
fe which will be given by 


eS 2 Pla > ary vagige 


where P is given by equation (31) and A by equation 
(33). 
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Now the terminal moments Mg acting on the verticals 
must be balanced by equal counter moments Mg in 
the chords and if it is assumed that these counter 
moments are each composed of two counter moments 
Mg/2 as shown in Fig. 5 then each of these sections 
of the chords will bend under the influence of these 
couples, giving obviously a point of inflexion at x, 
the centre of the bridge of the castellation. 


It is equally cbvious that points of inflexion will 
occur at YY, the theoretical bending moment diagram 
being as shown in Fig. 5a. An analysis of the stress dis- 
tribution due to this bending indicated that maximum 
stresses occured at the points ZZ in the figure and 
that the resulting curve of the stress distribution was 
as shown in Fig. 5b. 


As the bending moment distribution is given by 


Mg x 
A ae ead 


then the bending stress equation is obviously 


| Mg..2.¥ 
fe aaayer gies a) 


where y = 0.25d — y¥ and x is limited to the range 
0 < x <.. 54d which gives maximum values at x =.125d 
ie. at the points ZZ. 


The resulting flange stress is then the algebraic 
sum of the direct stress as given by equation (38) 
and the bending stress as given by equation (39) i.e. 


Meee 1 Go 


The stress distribution in the vertical members must 
now be examined. The bending moment diagram 
due to the terminal moments Mg will be as shown in 
Fig. 6 and it may be shown that the stresses at the 
extreme edges of the vertical members is given by the 


equation 


BM 6.4% 
tt Be Qbtc2 (a + x)? 


where a = 0.216d and c = 0.5774. 


Fig. 6 


This completes the stress analysis for the beam, 
the deflections being given by equation (29). In order 
to attempt to verify this theory, two types of experi- 
ment were conducted the first set consisted of photo- 
elastic investigations on model castellated sections and 
the second were stress and deflection investigations 
of actual steel castellated sections as supplied by the 
manufacturers. 


Photoelastic Investigation. 


Before conducting tests on actual steel castellated 
sections it was decided to investigate photoelastically 
the stress distribution in a model beam. By this 
means valuable information as to the nature of the 
stress distribution was obtained, the regions of maxi- 
mum stress distribution being clearly indicated. This 
information proved invaluable in locating the positions 
of the gauges for the examination of critical stresses 
in the steel beam tests. Examination of the stress 
fringe patterns soon showed that in all cases the edge 
stresses were critical both in the flanges and around 
the hexagonal holes and that the investigation of the 
stresses in the interior of the web i.e. the centre lines 
of the verticals, was not nearly so important. Further 
the photoelastic analysis allowed a direct comparison 
between the theoretical and experimental results to 
be made. 


The models were machined from C.R.39 so that the 
resulting I section had flanges 3 inches wide by #4 inches 
thick and a web ¢ inches thick, the overall depth of 
the section being one inch. The dimensions and 
spacing of the holes were geometrically similar to 
that of the actual castellated section as shown in 
Fig. 7. To allow the accurate determination of the 
fringe order in the web, its thickness was relatively 
increased allowing a greater number of stress fringes 
to be formed than if the true scale for the section had 
been used. Owing to the brittle nature of the material 
it was decided to limit the span of the model to eight 
clear castellations as this allowed sufficient stress 
fringes to be developed without failure occurring due 
to too high bending stresses. The model was subjected 
to a central load of 53.5 Ibs. and the resulting stress 
fringes were observed under monochromatic circularly 
polarised light, the stress fringe photograph is shown 
in Fig. 8. Examination of these stress fringes shows 
that uniform stress distribution occurs along the major 
portion of the edges of the holes i.e. the edges of the 
verticals, save at the extreme corners where marked 
stress concentrations occur due to the acuteness of 
the contour there. An exact plot of the stress distri- 
bution is shown by the full line in Fig. 9. 
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_e-77 4-7" Theoretical 


FLANGE STRESSES (nN unit FRINGES) —\— Experimental 
Fig. 7 


Fig. 8 


--7‘\--"> Theoretical 


a Experimental 


HOLE STRESSES (iN unit FRINGES) 


Fig. 9 
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The flange stresses plotted in unit fringes are shown 
as the full lines in Fig. 7. 


Substituting the relevant dimensions of the model in 
formulae (35) it was found that the moment of inertia J 
of the top and bottom flanges was 0.0000946 ins.4. 
From the span length which was 5.75 ins., the rest of 
the constants were determined using equation (29). 
As these constants are used only in equation (29a) 
for calculating the deflection of the beam and as these 
deflections were not determined experimentally, they 
will not be further investigated herein. 


The chord stress was determined from equation i.e. 
(31) and (38) 


W 
a ay 


.% = 600 x lbs./sq. in. 


and this translated into stress fringes gives 


fo.t 
toro 


unit fringes where ¢ is the thickness and F is the 
material fringe value 48.5 lbs./sq. in./in. hence me = 
2.31% unit fringes. 


Using equation (39) the maximum values of the 
bending stresses were found to be mp = + 3.22 unit 
fringes. These equations allowed the resulting flange 
stress distribution to be obtained, the maximum and 
minimum values being obtained from their algebraic 
sum namely 1 = ne + Mp = 2.31% + 3.22 unit fringes. 


The complete plot of this flange stress distribution 
is shown in Fig. 7 as the dotted line where it will be 
seen that agreement between theory and experiment 
is quite good. 

The stress distribution in the vertical members was 
now examined by direct substitution in equation (41), 
the equation translated in terms of unit fringes was 
found to be 


x 


ers pnd ar ren en 


unit fringes. 


The plot of these stresses is shown in Fig. 9 as the 
dashed line. Again it will be observed that agreement 
between theory and experiment was reasonable, 
save at the extreme corners of the castellation where 
localised stress concentrations occurred. Further 


SHEAR STRESS 


CIN UNIT FRINGES. ) 
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photoelastic tests on models revealed that the same 
type of stress distribution as those observed above 
existed and it was concluded that the theoretical 
results gave a close approximation to the stress distri- 
bution in such castellated sections. The photoelastic 
investigation having provided clear experimental 
evidence as to the nature of the stress distribution 
in castellated I sections, tests on the actual steel 
beams were then carried out. Vertical shear stresses 
were determined for the sections EE, FF and GG, 
their shape and magnitude indicated that the vertical 
shear distribution was constant. These are shown in 
Fig. 10. Such stresses were not examined in the steel 
tests. 


Tests on 9" by 3” Castella I Sections 


The Authors have conducted numerous tests on 
castella J sections in the Department of Civil Engincer- 
ing, University of Glasgow, these tests provided much 
experimental data on the behaviour of such sections 
under various leading conditions. The tests described 
herein however are a complete set of tests on a 9” by 3” 
I section in which the span was varied from eight to 
twelve clear castellations. These latter tests were 
conducted in the Civil Engineering Department, of 
the University of Manchester. 


In order to test the validity of the previously out- 
lined theory it was decided to measure the flange 
stresses, the stresses around the edges of the castel- 
lations and finally the vertical deflections under known 
loading conditions. 


Test on 9" by 3" Castella Section simply supported and 
loaded centrally 


The first test of the series was on a 9” by 3” J section 
supported at its ends and centrally loaded. The span 
between points of support was eight clear castellations 
i.e. 51.8 ins. as shown in Fig, 12 the central load being 
2tons. The test was conducted in a 50 ton Dennison 
compression machine, a photograph of which is shown 
in Fig. 11. Stresses were measured by 20 mm. Mahaak 
gauges, a pair of these gauges may be seen in the 
photograph. Deflections were measured by dial gauges 
graduated in one thousandths of an inch, these were 
so mounted on a horizontal steel rod that deflections 
at any desired part of the beam could be measured, 
these gauges are again shown in the photograph. 


Mahaak or acoustic gauges, as they are sometimes 
called, were used in preference to electrical resistance 


ON WEB. SECTIONS 


Fig. 10 
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Be 
feos: 


Fig. 11 


strain gauges as the cost of these tests using the latter 
would have been prohibitive, owing to the large number 
of gauge positions. The extreme sensitivity and 
stability under varying temperature conditions of 
Mahaak gauges were added recommendations. 


The flange stresses were determined by clamping 
a 20mm. gauge to the desired position on the flange, 
observing the initial reading of the instrument, loading 
to two tons on the machine, recording this reading 
and then finally unloading and checking the initial 
reading. In this manner a very accurate record of 
the flange stress at the required position was obtained. 
The gauge was then advanced to the next selected 
position and the procedure was repeated, in this manner 
the complete stress distribution along the flanges was 
recorded. 


These experimental stresses are shown in Fig. 12, 
the full line drawn through the experimental points 
(shown as circles) represents the experimental stress 
distribution for the flanges, tension stresses are recorded 
as positive values and compressive stresses as negative. 


2 TONS 


--"\-- Theoretical 
Experimentol 


aN 
FLANGE STRESSES Gons sa:in.) 


Fig. 12 


The stresses around the edges of the castellations 
or vertical members were next investigated, In this 
case pairs of gauges were clamped to either side of 
the web so that all stresses due to torsion or transverse 
bending effects, if they existed, were eliminated by 
taking the mean of the gauge readings. These stresses 
are recorded in Fig. 13 and are shown as the full lines. 
Again tension stresses are indicated as of positive sign, 
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peallt= Theoretical 


Ne Experimental 


HOLE STRESSES Gons sa iN.) 
Fig. 13 


From previous tests it was observed that the stress 
distribution over the major part of the sides of the 
vertical members was reasonably constant, stress 
concentrations occurring only at the extreme ends 
of the verticals. It was thus decided to reduce the 
number of observations along the edge of the verticals 
to eight, the extreme stress concentrations not being 
examined. 


- 


Theoretical ---\-- 


Experimental ——\— 


DEFLECTIONS (in 0-001 tNs) 
Fig. 14 


Vertical deflections of the beam were recorded as 
shown by the full line in Fig. 14, the circles indicate 
actual experimental values. 


The theoretical values for the above experiment 
were calculated as follows 


Section Dimensions B = 3", d = 6", tj = 0.377", 
t= 10:23" 
Top and Bottom Flange 
Area = 1.390 in.? using equation (33) 
y = 1.170 in. using equation (34) 
Moment of Inertia using equation (35) 
J*==.0.199 in4 


(2b = 1.5d — 2t2 = 8.246” using equation (36) 
Verticals< a = 0.216d = 1.30” using equation (37c) 


k = 0.129%; = 0.0296 using equation (37b) 
Whence J, = 1.870 ins.4 using equation (37a) 


Using the above values in the relevant equations 
the following quantities were easily determined 


I! = 0.288 ins.? using equation (29c) 
a2 = 1.320 using equation (29b) 

k? = 0.1145 using equation (29d) 

v2 = 1.328 using equation (29e) 


mn 


0.00668 using equation (29f) 
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Finally the vertical deflections of the beam were 
found from equation (29a) the load W being in this 
case 2 tons and are recorded in the following table. 


Vertical 
Deflection 


Horizontal 
Distance 


in ins. in 0.001 ins. 


Table I 


These theoretical deflections are plotted in Fig. 14 
as the dashed line, it will be observed that reasonable 
agreement between theory and experiment exists. 


The chord stress was determined from equation (38) 
on substituting the relevant quantities and was found 
to be fe = +4%/11.5 where x extends from 0 to 32.4 ins. 
Le. fc extends from 0 to 2.83 tons/sq. in. at the centre. 


The bending stress due to the moment Mg was 
next calculated, Mg was found to be 


Mog = Wh/4 = 3.24 tons ins. 
and then using equation (39) 


SBM gh. x.y 
fT opa .T 


where y = 0.25d—y = 0.33 ins. ,". fx = 1.04% where x 
extends from —0.75” to +0.75”. Whence the maxi- 
mum values of fx were found to be fx = +0.78 tons/sq. 
in. 

The above bending stress was then superposed on 
the direct stress fe, the resulting stress distribution 
in the flanges being shown as the dashed line in Fig. 12. 


It remained but to examine the bending stresses in 
the verticals caused by the terminal moments Mg. 
These bending stresses were given directly by equation 
(41) which on substituting relevant quantities gave 
eventually 


fu = 15.4%/(1.30 + x)? 


where x extends from 0 to 4.12 ins. These values are 
recorded in Table II. 


# fx in 
in ins. tons/sq. in. 


Table II 
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It is to be observed that these values for fx are the 
same for all the verticals as Mg is approximately 
constant throughout the span of the beam. These 
values of fx were plotted for all castellations as the 
dashed lines in Fig. 13, where it will be seen that 
agreement between theory and experiment is reason- 
ably good save for localised stress concentrations 
which of course cannot be explained by the above 
theory. 


Two further tests were conducted, the spans being 
over ten and twelve clear castellations respectively. 
Flange stresses and stresses in the vertical members 
ie, around the castellations were again recorded using 
Mahaak gauges and deflections were observed in the 
usual manner. The resulting stress distributions and 
deflections are plotted in Figs. 14-20 as the full lines. 
Again from the relevant data, the theoretical stresses 
and deflections were calculated and these are shown 
as the dashed lines in the corresponding Figures. 
It will be observed that agreement between theory 
and experiment is reasonably good especially in the 
cases of the stress distribution in the beam. 


As agreement between theoretical and experimental 
values of deflection was only to within eighty per cent, 
it was decided to investigate more thoroughly the 
cause of this discrepancy. Moreover it was decided 
to investigate, experimentally, deflection values over 
greater spans than recorded in the previous tests. 


The most probable cause of discrepancy between 
theoretical and experimental values of deflection is 
to be found in the dominant term of equation (29a) i.e. 


L2x = x8 
: (& fa 5) 


Now 
Ak? x 
k= ee = C/i? 
where C = 4k2a2/u2 is reasonably constant since 


a2 
wx 1 and k? = T/A. 
u 


dominant term in the equation is controlled by A=C//? 
and is thus sensitive to changes in J. As described 
in an earlier part of this paper / was chosen as the 
distance between the neutral axes of the top and 
bottom flanges of the beam. Thus any modification 
in the assumed length of 7 would result in marked 
variation in the calculated deflections. If / was to 
be increased by 5 per cent, the resulting theoretical 
value for the deflection would be increased by some 
11 per cent, further any error in the calculation of 
the value of J would result in the calculated value of 
the deflection being varied in the ratio 1/J. 


Further deflection experiments were conducted over 
increasing spans ranging from fourteen to twenty 
clear castellations. The resulting experimental values 
are plotted as the full lines in Fig. 21, the circles 
indicating actual observations, the theoretical values 
as given by equation (29a) being shown as the dashed 
lines in each case. It is obvious that as the span 
increases, agreement between theory and experiment 
is more close. This would seem to indicate that at 
smaller spans, shear is dominant and as shear has not 
of course, been considered specifically in the derivation 
of the theory, this could account for some-of the dis- 
crepancy between theoretical and experimental values 
of deflection at’smaller spans. 


Thus the magnitude of the 
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Fig. 15 
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—\— Experimental 
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Fig. 16 
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Fig. 17 
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Fig. 18 
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51-84 58:32 64:80 


-*_.-* Theoretical 


- 


ee Experimental 


Fig. 21 


Elementary Beam Theory 


It is of some interest to compare the theoretical 
deflections as given by equation (29a) with those 
assuming that the castellated section behaves as a 
beam, the moment of inertia of which is that of its 
weakest section. Such assumptions are made by the 
manufacturers in preparing safe load tables. The 
weakest section occurs over the bridge of the castel- 
lation and the moment of inertia at this section will 


be designated by 7. This least moment of inertia 
may be easily calculated or selected from the standard 
tables supplied by the manufacturers. Under these 
assumptions the deflection of the centre of the beam 
will be given by the standard formula 


Vo = WL3/48 EL 


in which W is the applied central load, L is the span 


length and J is the least moment of inertia of the 
section as a whole. The central deflections of the 
beam were calculated from equation (29a) and were 
compared with those calculated from the above 
elementary equation. The resulting values for various 
spans ranging from eight to twenty clear castellations 
are recorded in Table ITI. 


Deflection 


Deflection yo by 


Span in Span in 
Castellation ins. 


Ratio 


yco1=WL3/48E]| equatn. (29) ye2lyc; 


51.84 9.0 
64.80 Wir 
716 30.1 
SLOG 48.6 
103.68 72.0 
116.64 103.0 
129.60 141.0 


re Oud hN re 
oN 
cooomwmow 


— 


Table Til 
(All deflections are in 0.001 ins.) 


In this table the end column gives the ratio of the 
central deflections as given by equation (29a) and the 
elementary beam form. It may be seen that as the 
span increases the ratio agreement between these 
two formulae is more close and one may postulate 
almost complete agreement for very large spans, 


Now the bending stress as derived from the beam 
theory at a distance x from a support will be given by 


fx = Wxv/2t 


where J is the least moment of inertia and y = 0.75d 
is the extreme fibre distance from the neutral axis 
(recalling that d is the depth of the joist before cutting 
and welding and thus the final overall depth of the 
section is 1.5d). i" 


Applying this formula to the three beam spans in 
which stress was investigated, it is elementary to 
show that the maximum centre line stresses are as 
follows. 


Span in Stress in 


ins. tons/sq. in. 


51.84 
64.86 
THEIRS 


Table IV 


These chord stresses are linear functions varying 
from zero at the supports to the maximum values, 
given in the table, at the centre lines and have been 
plotted in each case as the chain dotted lines in Figs. 
12,15 and 18. Now whilst at first sight, there appears 
to be a great variation between the stresses as given 
by this beam theory with those given by the present 
theory and the experimental results, it will be seen 
that, close to the centre line where the critical stress 
occurs, the agreement is quite good. In fact the 
chord stress as given by the Vierendeel theory is 
almost in complete agreement with the bending 
stress derived from the beam theory. It would thus 
seem that as far as determining the critical stress the 
beam theory as used by the manufacturers is sufficiently 
accurate for design purposes. The beam theory is, 
of course, unable to predict the vierendeel action 
which actually takes place and that the critical stress 
is actually located as a consequence slightly to the side 
of the point of loading. Nor does the beam theory 
give any indication of the internal stress system but, 
as predicted by present vierendeel theory, for longer 
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spans the critical stress distribution around the 
castellations is smaller than maximum centre line 
flange stress. This is clearly apparent in Fig. 18 where 
the critical centre line flange stress is about 3.8 tons/sq. 
ins. and the hole stresses are just over 3 tons/sq. in. 
as shown in Fig. 19. The theory presented in this 
paper is in turn unable of course to predict the stress 
concentrations which occur at the corners of the 
castellations but it is doubtful whether these are 
critical, being in fact purely localised. Thus it may 
be concluded that the maximum critical stress is in 
close agreement with that given by the beam theory, 
whilst deflections as given by the same theory are some 
10 per cent—15 per cent less than those actually 
occurring when the spans are sufficiently long. As it 
is extremely unlikely that short spans will be much 
used in practice, in those cases in which deflection 
is critical, the deflection values as given by the beam 
theory might well need to be increased by the above 
percentage. 


Conclusion 


The experimental work described in this paper was 
limited to beams that were centrally loaded as this 
was considered to be the most critical condition for 
the case of simple loading of a simply supported beam. 
It may be concluded by comparing theoretical calcu- 
lations with the available experimental evidence that 
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castella J sections behave in the elastic domain as 
predicted by the theory presented in this paper i.e. 
a form of vierendeel action is taking place. Moreover 
that the present theory predicts the stress and deflec- 
tion conditions as observed experimentally fairly 
accurately. Whilst the experimental work presented 
in this paper has been limited to one particular section 
size, the Authors in previous experimental work 
carried out in the Civil Engineering Department at 
the University of Glasgow have investigated the 
behaviour under simple bending conditions of various 
section sizes and the results have always been of the 
same nature as presented herein. 
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Institution Notices and Proceedings 


GENERAL MEETING 


A General Meeting of the Institution of Structural 
Engineers was held on Thursday, 3rd October, 1957, 
at 6 p.m., when the Presidential Address for the 
Session 1957-1958 was given by Professor Sir Alfred 
Pugsley, O.B.E., D.Sc.(Eng.), ELR.SS MM LStiruck.. 
eC HP RAGS. 


Mr. J. Guthrie Brown, M..:Struct.E., M.1.C.E.;.the 
retiring President, occupied the Chair. 


After welcoming the many guests who were present 
at the meeting, the retiting President presented the 
following Institution awards gained during his year 
of office : 


The Institution Silver Sessional Medal for the best 
paper read before the Institution or the Branches 
during the session 1955-56, to Mr. F. M. Bowen (Mem- 
ber of Council) and Mr. B. E. S. Ranger (Associate- 
Member of Council) for a paper, “ Steelwork in Transit 
Shed 102, Southampton Docks.” 


The Institution Bronze Medal to Mr. J. M. Burke 
(Associate-Member) for a paper, “The New South 
Stand at Cardiff Arms Park.” 


The Institution Branch Award for the best paper 
from amongst those for which Branch prizes had been 
awarded, to Mr. J. M. Burke, for the above paper 
which was read before the Wales and Monmouthshire 
Branch. 


Continuing, Mr. Guthrie Brown said he would very 
shortly be handing over to Sir Alfred Pugsley the honour 
and the various duties and responsibilities which fell 
to the President of their great Institution. It was 
customary for the retiring President to make a few 
remarks—something in the nature of a swan song. 


Looking back over the list of Presidents for the 
past ten years, it was interesting to note that 70 per 
cent. had been consulting engineers. Some _ people 
might suggest the reason was that they had so little 
work to do that they enjoyed the rush and activities 
of a President’s life. He preferred to think, however, 
that as a class they were so interested in the well- 
being of the Institution and so anxious for its continued 
prosperity that they readily sacrificed their business 
and spare time for the advancement of the Institution 
and its members. So far as he was concerned, he 
had been very glad to do his best for the Institution ; 
and if at the end of his year of office he had been able, 
in some way, to make the Institution better known 
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and appreciated in this country and overseas, then 
he was more than satisfied. 


Members might like to hear a little of the extensive 
tour of Africa which he had carried out during August 
and September on behalf of the Institution. Major 
Maitland, unfortunately—due to the illness of Mr. 
Gray (Assistant Secretary)—was not able to accompany 
him, and the task of carrying out that tour single- 
handed, extending over some 16,000 miles, was quite 
a formidable and exhausting undertaking. Wherever 
he went, the absence of Major Maitland was regretted 
by members ; one felt it was rather like playing Hamlet, 
without the Prince. 

During his tour he visited Uganda, Kenya and 
Rhodesia, that being the first time that any President 
of the Institution had entered those territories. He 
had felt, in some respects, that he was doing pioneer 
work like another and earlier Scot in Africa, Dr. 
Livingstone. The President had the advantage, how- 
ever, that whilst Dr. Livingstone had risked being 
eaten by savages during his explorations, his own 
greatest risk was excessive over-eating, due to the 
hospitality of the members he had met! The members 
in the Union of South Africa who had requested the 
visit of the President were also overwhelming in 
their friendliness and hospitality both to him and his 
wife. He attended lunches, dinners, cocktail parties, 
he gave lectures and made after-dinner speeches, 
and he met Mayors in their Town Halls. He was 
interviewed by the press, he visited dams, power 
stations, hydro-electric schemes, water purification 
works, factories, bridges and other engineering works ; 
he toured universities and technical colleges, visited 
native schools and patted the heads of the children ; 
in fact, he did everything that was expected of a 
President at Nairobi, Kampala, Salisbury, Kariba, 
Bulawayo, Johannesburg, Pretoria, Umtali, Durban, 
East London, Port Elizabeth and Cape Town. 


The pace was terrific and the friendliness and 
hospitality overwhelming. Members in all parts of 
Africa were keenly interested in their Institution and 
in how the members in this country were faring. 
Greetings and good wishes were extended to him, not 
only by members, but by all the representatives of 
other kindred Institutions that he met. It was clear 
that a Presidential visit to Africa did nothing but good, 
and he had promised to put before the Council the 
request made on many occasions during his tour that 
a Presidential visit should take place at intervals of 
not more than five years. 


His experience during his term of office was that, 
wherever he had gone, there had been nothing but 
kindness and friendly hospitality extended to him 
as President of the Institution, together with greetings 
and good wishes to the Institution and all its members. 
It was clear that as the years passed the Institution 
was increasing in prestige and importance and gaining 
even further respect from kindred Institutions. He 
had stressed at all times during his tour and on the 
various visits he had made to the Branches that 
members must make the public realise the important 
work done by structural engineers and must encourage 
young people to take up that very interesting pro- 
fession. > 

While his year of office had been a busy one, it 
had been most enjoyable, thanks to the friendship, 
help and sound advice which he had received at all 
times from the members of the Council. He assured 
them that he was most grateful for their generous 
assistance. He. also expressed his profound thanks 
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to Major Maitland, who had been his special guide, 
philosopher and friend. Nothing had been too much 
for him to cope with in easing the Presidential burdens 
and keeping the President on the right lines. He 
would always remember with gratitude all that Major 
Maitland had done to assist him. 


To the other members of the headquarters staff 
his thanks were also due ; they had at all times been 
friendly and helpful. He deeply regretted that the 
illness of Mr. Gray had occurred during his year of 
office, and would like to extend thanks for all he had 
done and to wish him every good luck in the future. 


His principal duty on this occasion was to welcome 
his successor, Sir Alfred Pugsley, and to pass over to 
him the office and badge of President of the Institution 
of Structural Engineers. As all were aware, Sir Alfred 
was Professor of Civil Engineering in the University 
of Bristol. He was a Fellow of the Royal Society, 
and in 1956 he had received the well deserved honour 
of Knighthood for his services to engineering and 
research. His work in research was known through- 
out the world and the members were very proud that 
he was honouring the Institution by becoming its 
President (applause). Sir Alfred had for long had an 
interest in the Institution, having been connected 
with it since 1924—two years before he (Mr. Guthrie 
Brown) had joined. He had contributed many 
valuable papers to the proceedings and had played an 
active part not only in the Western Counties Branch, 
but in the various Committees at Headquarters. 


He was respected and liked by all who knew him 
on the Council and would be equally liked when the 
various Branches made closer acquaintance with him 
during his Presidential tours. In his year of office he 
would enhance the reputation and prestige of the 
Institution by his dignity, charm and quiet sense of 
humour. 

It was therefore with the greatest goodwill and with 
the utmost confidence that the affairs of the Institution 
would be in very capable hands that Mr. Guthrie 
Brown handed over the Presidential badge of office 
and expressed his best wishes for a happy and successful 
year. 

Sir Alfred was invested with the Presidential 
badge, amid prolonged applause. 


He then presented his Presidential Address. 

Following the Address, Sir Alfred formally occupied 
the Chair. 

LiEuT.-CoLONEL G. W. KIRKLAND, M.B.E. (Vice- 
President) then proposed a vote of thanks to the 
Immediate Past President, a duty which afforded him 
great pleasure. 


Mr. Guthrie Brown’s year of office had been a 
memorable one for the Institution. It had been 
unusual ; and while all previous Presidents had contri- 
buted so very largely to the success of the Institution, 
each having built on the foundations of others, Mr. 
Guthrie Brown’s year had been unique. He had 
inaugurated a number of new things in the course of 
his year of office and had enhanced the well-being of 
the Institution enormously. His Presidential Address 
was introduced in “technicolour,” and there was 
colour in the printed version, for the very first time. 
Then he had inaugurated an increase of subscriptions ! 
He had saved the Institution from serious financial 
trouble and had enabled it to put in hand the improve- 
ment of the headquarters building. Mr. Guthrie 
Brown had then taken a “ Cook’s Tour” of far off 
places in the world, and had generously borne the 
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expense. The members could rest assured that his 
efforts had done a tremendous amount for the Insti- 
tution’s prestige. 

Prior to taking office he was a man of few words. 
Those words had told, as could be seen from the results, 
and the members had every reason to be profoundly 
grateful to him for what had been a momentous year 
in the Institution’s progress. 


Mr. E. N. UNDERWooD, B.Sc.(Eng.), M.I.C.E. 
(Vice-President), seconding, said he was only too 
pleased to support the “understatement ’’ by Col. 
Kirkland. There was an old saying that, if we wanted 
a job done efficiently and well, we should choose a 
busy man and one was quite sure that, in choosing 
Mr. Guthrie Brown as President during the last year, 
the Institution had proved very quickly the truth 
of that saying. The effort he had devoted—and one 
did not know how he had been able to find the time— 
to the welfare and prestige of the Institution was 
amazing. 

(The vote of thanks was carried with enthusiasm). 


Mr. GUTHRIE Brown thanked the meeting for 
their very kind response to the proposal by Col. 
Kirkland and Mr. Underwood. He was quite sure he 
did not deserve half of what had been said. It had 
been a very great pleasure to serve the Institution in 
the capacity of President, and he was most grateful 
for all the help and advice and kindness he had received 
from everybody. 


Bir. wLoB., Kent, -B.Se.(Eng.) jp MLC. Te: 4, (Vice- 
President) proposed a vote of thanks to the President. 

He supposed that, as every President came to the 
Chair, the members might be forgiven if they specu- 
lated on the subject of the forthcoming Presidential 
Address. They might also be forgiven if on that 
particular occasion they should have scored an “ inner,”’ 
if not a “bull.” Fortunately, Professor Sir Alfred 
Pugsley had the happy knack of putting things in 
such a charming, direct and friendly manner that he 
had treated what he himself had described, in the 
words of more mundane people, an “ academic ”’ 
subject, in a most interesting way. 

Sir Alfred had given his audience a wonderful 
evening. He had given a most comprehensive study 
of a subject with which, one supposed, only a few 
people in this country could deal. Not only had it 
been comprehensive, but it had been most entertaining. 
Mr. Kent confessed that he felt himself to be a pygmy 
in the presence of a giant in trying to thank Sir Alfred 
adequately for his address ; therefore he would read 
it all the more carefully when it appeared in The 
Structural Engineer and he was sure that he would 
benefit from it. He did not think he would be alone 
in that respect. 

If Sir Alfred gave to the Institution in the next 
twelve months, as one knew he would, such thorough- 
ness as had gone into the preparation of his Address, 
the Institution would be very much the better for it 
at the end of that period. 

It was a great pleasure to propose a vote of thanks 
to him. 

Mr. STANLEY VauGHAN, B.Sc., M.LC.E. (Past 
President) seconding, also paid tribute to the Insti- 
tution’s new President for a remarkably illuminatiug 
Address. 

First he referred to a remark made by Sir Alfred 
at the very beginning of his address, when he had said 
that most engineers came across methods of design 
which were in general use but which seemed to be 
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very far from rational. In such cases an engineer 
often tried to see whether he could not make some 
improvement on the generally accepted methods. 
He generally found, however, that this called for 
research involving equipment and facilities which 
were not usually available to him—and even if they 
were—he could not afford the time required for the 
necessary investigation. Moreover he might find 
that apart from the lack of research equipment he 
also lacked the essential mental equipment to carry 
through a successful research. It was very important, 
therefore, that the profession should include men 
who had the time and the equipment—physical and 
intellectual—to devote their minds to study the 
innumerable problems which faced us. 


The members of the Institution were fortunate 
therefore to have as their new President one of the 
most able research workers in this country. Moreover, 
as he had shown in his Address, his approach to such 
problems was not an exclusively academic one. Clearly 
these were matters which could be solved only with 
the aid of great academic ability and facilities. But 
Sir Alfred had shown also that he understood the vital 
importance of presenting the results of research in 
a way which could be understood and applied by 
practising engineers. 

In the course of his career Sir Alfred had acquired 
many honours, and Mr. Vaughan referred to three, 
not necessarily in chronological order nor in order 
of importance. 


In the first place, all who knew him were delighted 
that, about a year ago, Sir Alfred’s services were 
recognised by the honour of a Knighthood. In the 
engineering profession, unlike some other professions, 
the conferring of Knighthoods was comparatively 
rare. We could therefore be sure that if a Knighthood 
were given to an engineer he must have given out- 
standing service to engineering and to the country. 


Another great honour which had been conferred 
on Sir Alfred was his election as Fellow of the Royal 
Society. Everyone knew that that was an honour 
which it was most difficult to acquire; only quite 
exceptional men had the opportunity to become a 
Fellow of that foremost scientific society of this country. 


Now Sir Alfred was acquiring a further great honour, 
that of being elected to the Presidency of the Insti- 
tution, and one felt quite sure that he would recognise 
it as a great honour. But although the Institution 
had conferred that honour upon him, he was conferring 
as great an honour upon all its members by agreeing 
to serve, and thereby accepting the onerous duties 
involved in guiding the affairs of the Institution for 
a year. 

One could be perfectly sure that not only would 
the Institution gain greatly in prestige during Sir 
Alfred’s year of office by having a man of his calibre 
as President, but also by his guidance of the Institutien’s 
affairs. It afforded Mr. Vaughan the greatest pleasure 
to second the vote of thanks to the President for a 
remarkably fine Presidential Address. 


(The vote of thanks was accorded with acclamation). 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1., on Thursday, 24th October, 
1957, at 5.55 p.m., Professor Sir Alfred Pugsley, 
ep, Doc. (eng). PRS, MiUStruct 2, MW TCE, 
F.R.Ae.S. (President) in the Chair. 
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The Minutes of the Ordinary General Meetings held 
on the 23rd May and 20th June, 1957, as published in 
the Journal, were taken as read, were confirmed and 
signed. 


The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that 
the elections, as tabulated below, should be referred 
to when consulting the Year Book for evidence of 
membership. 


GRADUATES 


Aut, Meer Mahmood, of London. 

AMBROSE, Derek, of Salisbury, Southern Rhodesia. 

AwaD, Osman el, of Khartoum, Sudan. 

BANERJEE, Harinath, of London. 

BELL, Frank, of Newcastle upon Tyne. 

BIELINSKI, Tadeusz, of Blackburn, Lancs. 

BLUNDELL, Robert Paul Ward, of Penzance, Cornwall. 

Bowen, Lyndon Parry, of Ruislip, Middlesex. 

CuNDY, Christopher John, of London. 

CurRIE, Malcolm Kenneth, of Derby. 

ELiison, Morville Vernon, of London. 

FARMER, Newton, of London. 

GOODWIN, Donald John, of Bradford. 

HANDYAL, Kotrappa Maribasappa, of Dt. Durg, (M.P.) 
India. 

HARKIN, Michael Edward, of Dublin. 

Horwoop, Ernest John, of Pretoria, South Africa. 

HuTTMANN, Edilbert, of Johannesburg, South Africa. 

Josui, Sharadchandra Martand, B.Sc.Poona, of Bom- 
bay, India. 

KHAN, Imam Haqqani, of London. 

Lawton, Derek, of Stalybridge, Cheshire. 

Lunar, Jashbhai Dahyabhai, of Dar-es-Salaam, Tan- 
ganyika, 

Mitra, Ramgopal, B.Sc.Calcutta, of London. 

PATEL, Naginbhai Fakirbhai, of Kampala, Uganda. 

PATEL, Purushottam Fulabhai, of London. 

SANGHVi, Vinayachandra Shantilal, of Rajkot, India. 

SHIMPI, Purushottam Udhava, of Poona, India. 

Tan HANG SENG, of Ipoh, Perak; Malaya. 

WILGENBus, Hans Berndt, of Vanderbijl Park, South 
Africa. 

WILTSHIRE, Dennis Edward, of Worcester Park, 
Surrey. 


ASSOCIATE-MEMBERS 


ABBOTT, Samuel Louis, B.Sc.(Eng.) London, A.M.1.C.E., 
of London. 

BEHNKE, Jozef, B.Sc.(Eng.) London, of London. 

Burcuam, Donald George, of Orpington, Kent. 

CARTER, Raymond Fred Sidney, of London. 

CHOTRANI, Bhisham Mulchand, of Singapore. 

CONNELLY, Terence Joseph, of Orpington, Kent. 

CREWE, Leslie Walter, of Newport, Mon. 

DocuHerty, David Gray, B.Sc.(Eng.) London, of 
Ellesmere Port, Cheshire. 

Dykes, Alexander Robert, B.Sc.(Eng.) 
A.M.I.C.E., of East Kilbride, Lanarkshire. 

GREENHAM, Ronald Gilbert, of Bristol. 

GROVER, Robert James Gray, of Wellington, New 
Zealand. 

Hay, Christopher William Herbert, of Petts Wood, 
Kent. 

Homes, Roger, of Sale, Cheshire. 

KreEtTsIs, Kleomenis, of New Malden, Surrey. 

LEFEVER, Frederick Arthur, of London. 

NassAr, Joseph Jiries, of Achrafieh, Beirut-Lebanon. 

PENGILLY, Aubrey Herbert, B.Sc.(Eng.) London, 
A.M.I.C.E., of New Malden, Surrey. 
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RENNIE, Douglas Yorke, B.Sc.(Eng.) London, 
A.M.I.C.E., of Garston, Watford, Herts. 

Sutton, Benjamin Herbert Charles, B.Sc.(Eng.) Lon- 
don, of Clacton-on-Sea, Essex. 

Taytor, Thomas Aelred, of Loughborough, Leics. 

Warp, Leonard Charles, of Lancing, Sussex. 

Wirson, Leslie Owen, A.M.I.C.E., A.M.I.Mun.E., of 
Croydon, Surrey. 

WYSPIANSKI, Kazimierz Marian, of London. 

YATES, William Eric, of Nottingham. 


TRANSFERS 


Students to Graduates 
ANANDALINGAM, Ramiah, of Jaffna, Ceylon. 
BaGsHAw, Grenville, of New Broughton, Nr. Wrexham, 
Denbs. 

BroaD, John Osborne, of Chesham, Bucks. 

BurRMAN, Ralph, of Scunthorpe, Lincs. 

CHAN CHIOK YUEN, of Singapore. 

CHANDRA, Tirtharenu, B.Sc.Calcutta, of London. 

CLARKE, Karl Nicholas Riley, of Nottingham. 

Do Dat Hoy, of Singapore. 

Dovucuty, Geoffrey, of Wrawby, Nr. Brigg, Lincs. 

Dutson, William, of Scunthorpe, Lincs. 

FonG WENG CHEONG, of Singapore. 

HASTINGS, Joseph William, of London. 

HELssBy, Charles Michael, of Derby. 

Hunt, John, of Huddersfield, Yorks. 

LaInGc, John Cranston, of Wishaw, Lanarkshire. 

LaTCHEM, Michael Ronald, of London. 

LEE, Jack, of Stockport, Cheshire. 

Morrison, Gordon William James, of Johannesburg, 
South Africa. 

Ral, Sheopat, of Lucknow, India. 

READHEAD, Winn, of Scunthorpe, Eincs. 

REEs, Allan Edward of Barry, Glamorgan. 

SAHGAL, Ravinder Kumar, of Urbana, Illinois, U.S.A. 

SCHALLER, Brian George Allen, of Salisbury, Southern 
Rhodesia. 

SEETO YEW LEE, of Singapore. 

SHALDERS, Michael Bloy, of Enfield, Middlesex. 

SINGH, Parmatma, B.A.Punjab, of Patiala, (Pepsu) 
India. 

SPEAKMAN, Alan, of Ollerton, Stockport, Cheshire. 

SPRING, Kevin Charles Fenton, of Wellington, New 
Zealand. 

Tuompson, Geoffrey, of Stafford. 

VISWANATHAN, Puthezhath, of Madras, India. 

WaLkER, Donald Geoffrey, of Derby. 

Witcock, Anthony Lewis, of Dewsbury, Yorkshire. 

WILLIAMS, Michael Anthony, of London. 

Woopmancy, Mary Catherine (Miss), of Bristol. 


Students to Associate-Members 
JuLtan, Leonard Wilham, B.Sc.(Eng.) London, of 
North Wembley, Middlesex. 
MacGrecor, David, of Auckland, New Zealand. 


Graduates to Associate-M embers 


Atcock, Donald Geoffrey, B.A.Cantab., of Toronto, 
Ontario, Canada. 

ALEXANDER, George, M.A.Cantab., A.M.I.C.E., of 
London. 

ALLINGTON, Reginald Arthur, of Iver Heath, Bucks. 

Ayres, Michael Walter David, of Kew Gardens, Surrey. 

BALL, Walter Thomas, of Dunedin, New Zealand. 

BEAVINGTON, Jack William, of London. 

BELL, Brian Joseph, of Eastcote, Middlesex. 

BEVERIDGE, Andrew, B.Sc.(Civil) Glasgow, of Giffnock, 
Renfrewshire. 
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BHATTACHARYYA, Ajit Kumar, B.E. Calcutta, of 
Calcutta, India. 

BHATTACHARYYA, Arishkumar, B.E.(Civil) Calcutta, 
of Derby. 

Biss, Russell George, of Westbury-on-Trym, Bristol. 

BLANCHARD, John Clifford, B.Sc.(Eng.) London, of 
Croydon, Surrey. 

CLEAVELY, Albert Alexander, of Shoreham-by-Sea, 
Sussex. 

CONDLIFFE, Sydney John, of Birmingham. 

CorP, Roy, B.Sc.(Eng.) London, of Edinburgh. 

CREBER, Allen Lindsay, of Southall, Middlesex. 

DaineEs, Alfred Lionel, of Cardiff, South Wales 

Dunn, Horace William James, of London. 

EASTERBROOK, Peter Lawrence, B.Sc.Wales, of Han- 
werth, Middlesex. 

Evans, Derek Norman, of Droitwich Spa, Worcester- 
shire. 

FITZGERALD, Gerald John, 
A.M.1I.C.E. of Edinburgh., 

GEACH, Trevor Trenley Ward, A.M.I.C.E., of Johannes- 
burg, South Africa. 

GREEN, Louis, of Redcar, Yorkshire. 

HANSED, Jack, B.Sc.(Civil) Birmingham, of Manchester. 

Ho.tpMAN, Roy, of Salford, Manchester. 

Homer, Albert Leshe, of Sutton Coldfield, Warwick- 
shire. 

Hoop, Derek Edward, of Bexley, Kent. 

Hussain, Syed Rafat, B.Sc., B.E., of London. 

JANEway, Donald Alexander, of Harold Hill, Essex. 

Jones, Malcolm, of Dewsbury, Yorkshire. 

KANJEE, Sadroodeen Abdulla Alibhai, of London. 

KOWALSKI, Tadeusz Gabriel, of Beckenham, Kent. 

LeGcatTt, Alec James, B.Sc.(Eng.) London, A.M.I.C.E., 
of London. 

Loncricc, Thomas Derek, of Nairobi, Kenya. 

Luxton, Trevor Francis, B.Sc.(Eng.) London, of 
Downend, Bristol. 

McIntyre, Douglas Arthur, of Chigwell Row, Essex. 

MaGASINER, Alexander Sascha, B.Sc.(Eng.) Rand, of 
London. 

Martin, John Neville, of Woking, Surrey. 

Meaps, John Richard, of Pelsall, Nr. Walsall, Staffs. 

Mears, Terence Frederick, of Bexley, Kent. 

MoRNEMENT, Peter Clewes, B.A.Cantab., of Hove, 
Sussex. 

Moss-Moraris, Arthur Louis, Ph.D. London, B.Sc.(Eng.) 
Rand, of Johannesburg, South Africa. 

Pitt, Peter Hubert, of Hampton, Middlesex. 

Reapy, Reginald Frederick, of London. 

Riper, Brian Leonard, of Thundersley, Essex. 

Scott, John Rodger, of Glasgow. 

SHAw, Douglas Perston, B.Sc.(Civil) Glasgow, of 
Caithness, Scotland. 

Situ, Wilfred Collier, B.Sc.(Eng.) London, A.M.1.C.E., 
of Warrington, Lancs. 

SNADpDON, Robert Angus Anderson, of London. 

STEEL, Dudley John, of Nairobi, Kenya. 

STONE, Eric, of Urmston, Nr. Manchester. 

SWADEN, Thomas, of London. 

Swan, Francis William Frederick, of London. 

Timson, David John, B.Sc. Bristol, of London. 

Vives, Leslie, B.Sc.(Eng.) Cape, of London. 

Wart inc, Anthony John, of Cuffley, Herts. 

Watson, Fred, of Montreal, Canada. 

WuitwortH, Victor Percy, of London. ; 

WittraMs, Kenneth Wilfred, of Bebington, Cheshire. 

Wittramson, Norman William, Ph.D., B.Sc.(Civil) 
Leeds, of York. 

Witson, Stanley George, of Hounslow, Middlesex. 

Winter, George Brian, B.Sc.(Civil) Birmingham, of 
Wilmslow, Cheshire. 


B.Sce.(Civil) Glasgow, 
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Woo LFaLL, William Arthur, of Wirral, Cheshire. 
WooLLaArRD, Malcolm William Thomas, of Buckhurst 
Hill, Essex. 


OBITUARY 


The Council regret to announce the deaths of Vivian 
Palmer HauGutTon, John Ernest JoNEs,; Ernest 
Harris TREMEWAN, Albert Edward Wynn, John 
LatrD, Leopold Julian Martin (Members) ; John 
Alfred BRENTNALL, Cecil Guy Cuurms, Alfred Ernest 
HoLsrow (Retired Members) and Edward Norman 
Sandell ApAms (Associate-Member). 


FORTHCOMING MEETINGS 


The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1. 


Thursday, December 12th, 1957 
Maclachlan Lecture 1957 

An Ordinary Meeting will be held at 6 p.m. for the 
presentation of the Maclachlan Lecture. The lecture, 
“ Tandem Ferry Aprons for the Canadian Pacific Rail- 
way at Vancouver and Nanaimo, B.C., Canada,” will 
be given by Mr. P. L. Easterbrook, B.Sc. (Associate- 
Member). 


Thursday, December 19th, 1957 
Ordinary General Meeting, 5 p.m. This meeting is 
for the election of members and is open only to cor- 
porate members of the Institution. 


Thursday, January 9th, 1958 


Ordinary Meeting at 6 p.m., when Mr. J. S. Terring- 
ton, B.Sc.(Eng.), A.M.I.Struct.E., A.M.I.C.E., will give 
a paper on “ The Calculation of Bending and Torsional 
Effects in Girders.”’ 


Thursday, January 23rd, 1958 
Joint Meeting with the Reinforced Concrete Asso- 
ciation at 6 p.m., when Professor A. L. L. Baker, 
D.scyine.\ Belech; thon -A.C-G.b, MelLStruct.bs 
M.I.C.E., will give a paper on “ The Work of the Euro- 
pean Committee on Concrete.” 
Thursday, February 13th, 1958 


Ordinary Meeting, 6 p.m., when Dr. K. C. Rockey, 


_ A.M.L.C.E., will give a paper on “ Web Buckling and 


the Design of Webplates.”’ 


Thursday, February 27th, 1958 


Ordinary General Meeting for the election of mem- 
bers, 5.55 p.m., followed by an Ordinary Meeting at 
6 p.m., when Mr. J. F. Eden, B.Sc.(Eng.), M.I.Mech.E., 
and Mr. D. Bishop, A.M.J.C.E., A.R.I.C.S., will give 
a paper on “ The Problem of Mechanical Handling in 
Building Operations.” 


Members wishing to bring guests to the Ordinary 
Meetings announced above are requested to apply to 
the Secretary for tickets of admission. 


EXAMINATIONS—JULY, 1957— 
OVERSEAS CENTRES 


The examinations were held in July, 1957, overseas 
at the following centres: Accra, Alor Star, Aligarh, 
Auckland, Beirut, Bombay, Brisbane, Bulawayo, 
Calcutta, Cape Town, Chingola, Christchurch (N.Z.), 
Colombo, Cooma, Dar-Es-Salaam, Dunedin, Durban, 
East London (South Africa), Gwelo, Hong Kong, 
Johannesburg, Kampala, Kingston (Jamaica), Kuala 
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Lumpur, Lahore, Los Angeles (California), Madras, 
Montreal, Nairobi, Ottawa, Port Elizabeth (S. Africa), 
Qatar-Doha, Salisbury (S. Rhodesia), Singapore, 
Toronto, Trinidad, Wellington (N.Z.), Welkom (Orange 
Free State). 

Fifty candidates took the Graduateship Examin- 
ation, and 107 took the Associate-Membership Examin- 
ation. Of these, 32 passed the Graduateship Examin- 
ation, and 29 passed the Associate-Membership 
Examination. The names of the successful candidates 
are : 


Graduateship Examination 


AMBROSE, Derek Nelson. 
AMBULKAR, Manohar R. 
ANANDALINGAM, Ramiah. 
BHANDARI, Narindar Kumar. 
CHAN CHIOK YUEN. 

CHENG CHEE TECK. 

CORDEIRO, John Joseph. 

Do Dar Hoy. 

Fonc WENG CHEONG. 
HanpDyYAL, Kotrappa Maribasappa. 
Horwoop, Ernest John. 
HuTTMANN, Edilbert. 

Josui1, Sharadchandra Martand. 
Kae, Anant Laxman. 

KincG, Brian Winston. 

LAING, Eric Charles. 

LuHar, Jashbhai Dahyabhai. 
MIDDLETON, Kenneth Grant. 
Miv Jack Hine. 

Morrison, Gordon Wm. James. 
PATEL, Naginbhai Fakirbhai. 
Ral, Sheopat. 

RAMAN, Dorai. 

SANGHVI, Vinayachandra Shantilal. 
SEETO YEW LEE. 

SHIMPI, Purushottam Udhava. 
SINGH, Parmatma. 

SPRING, Kevin Charles Fenton. 
TAN HANG SENG. 
VISWANATHAN, Puthezhath. 
WILGENBUS, Hans Berndt. 
Younc, Raymend Brian. 


Associate-Membership Examination 


ALBERT, Kenneth Leo. 
ALEXANDER, Kunchattil Chacko. 
ALEXANDER, Wm. Ernest Walter. 
BALL, Walter Thomas. 

BANERJI, Biswa Nath. 

CHAN WENG ONN. 

CHANDOLA, Shambhu Prasad. 
CHOTRANI, Bhisham Mulchand. 
Evans, Clifford John. 

GEACH, Trevor Trenley Ward. 
GUHA, Sukumar. 

Hasan, Mohammed Mazharuddin. 
Hay, Christopher Wm. Herbert. 
Ho PENG. 

JAGGER, Albert Charles. 

JorFeE, Isaac Wolf. 

KINNAIRD, George Alfred. 
KULKARNI, Shrikrishna S. 
MaAcGRreEcGor, David. 

MALLocH, Trevor Stuart. 
Moss-Morrits, Arthur Louis. 
Nassar, Joseph Jiries. 

Ne Enc HEAN. 

PrIDDEY, Harry Walter. 
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STEEL, Dudley John. 

STONE, William Dennis. 

TANTRY, Prabhakar Vasudez. 
VAN BERKEL, Gerardus Johannes. 
VENIER, John. 


PRIZES—JULY 1957 EXAMINATIONS 


The Council have awarded the following prizes in 
respect of the Examinations held in July, 1957 : 


ANDREWS PRIZE (For the candidate who obtains the 
highest aggregate of marks in the Associate-Member- 
ship Examination, passing in all subjects) 

Peter Thomas CHaApp, of London. 


HusBAND Prize (For the candidate who takes the 
whole of the Associate-Membership Examination, 
passes in all subjects, and obtains the highest marks 
in the paper “Structural Engineering Design and 
Drawing ’’) 

Donald Alexander JANEWAY, of Romford, Essex. 


WALLACE PREMIUM (SENIOR) (For the candidate who 
takes the whole of the Associate-Membership Examin- 
ation, passes in all subjects, and obtains the highest 
marks in the paper “ Theory of Structures (Advanced)”’ 

Graham John Smirtu, of Birmingham. 
P. T. CHapp, of London. 


WALLACE PREMIUM (JUNIOR) (For the most success- 
ful candidate in the Graduateship Examination, passing 
in all subjects) 

Frank BELL, cof Newcastle-on-Tyne. ‘| 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 
The following meetings have been arranged : 


Monday, 16th December, 1957 
Mr. S. Richards, A.M.I.Struct.E.; and Mr. N. 
Lancaster will give a paper entitled ““A Review of 
the Structural Steelwork in the ‘ Seraphim ’ Extensions 
at Appleby-Frodingham.”’ 


Tuesday, 7th January, 1958 


Mr. E. Ll Morgan; M.Sc.Tech., A.M.I.Struct.E., 
A.M.I.Mun.E., on “ Shrinkage in Soils.” 


Wednesday, 12th February, 1958 

Mr. D. M. Brotton, B.Sc.(Eng.), Ph.D., A.M.1.Struct.E., 
on “ The Use of the Electronic Digital Computer in 
Structural Calculations.” 

Lectures will commence at 6.30 p.m. and will be 
preceded by light refreshments. All the above meet- 
ings will take place at the College of Science and 
Technology, Manchester. 


MERSEYSIDE PANEL 
The following meeting has been arranged : 


Wednesday, 5th February, 1958 

Mr. R. B. L. Smith, B.Sc.Tech., A.M.I.Struct.E., on 
“Shear Effects in Reinforced Concrete Beams.” At 
the College of Building, Clarence Street, Liverpool. 
Light refreshments will be available from 6 p.m., 
and the meeting will commence at 6.45 p.m. 
Joint Hon. Secretaries: J. L. Robinson,A.M.1.Struct.E., 
314, Northenden Road, Sale, Manchester. M. D. 
Woods, A.M.I.Struct.E., 58, Spring Gardens, Salford, 6. 


December, 1957 


MIDLAND COUNTIES BRANCH 
The following meetings have been arranged : 


Friday, 24th January, 1958 
Mr.. F.M. Bowen, M.U.Struct.B.,- M.1.C.E., 
Assoc.I.Mech.E. (Member of Council) and Mr. B. E. S. 
Ranger, A.M.I.Struct.E., A.M.I.C.E. (Associate-Mem- 
ber of Council) on ‘“‘Steelwork in Transit Shed 102, 
Southampton Docks.” At the James Watt Memorial 
Institute, Great Charles Street, Birmingham, at 6 p.m. 


Tuesday, 4th February, 1958 
Joint Meeting with the Reinforced Concrete Associ- 
ation, Midland Counties Branch, at the Midland 
Institute, Birmingham, 6 p.m. 


Friday, 2\st February, 1958 

Joint Meeting with the Birmingham and Five 
Counties Architectural Association. Mr. G. Wintering- 
ham, Dipl.Arch.Birm., A.R.I.B.A., and Mr. Bryan 
W. Cooper, B.Sc., A.M.I.Struct.E., on ‘‘ Some Recent 
Building in Northern Europe.’ At the Royal Birm- 
ingham Society of Artists Galleries, New Street, 
Birmingham, 6 p.m. 


Friday, 28th February, 1958 

Mr. F. M. Easton, A.M.I.Struct.E., A.M.I.C.E., Mr. 
eal. seewis eALC. GL TAM .I.W. and Mr Daid: 
Wright, B.A.Sc., M.S., Ph.D. will give a paper entitled 
““Some Notes on the Use of High Pre-Load Bolts 
in the United Kingdom.” Atthe James Watt Memorial 
Institute, Great Charles Street, Birmingham, 6 p.m. 

Hon. Secretary : J. R. Chaffer, M.I.Struct.E., 107, 
Jockey Road, Sutton Coldfield, Warwickshire. 


GRADUATES’ AND STUDENTS’ SECTION 


The following meetings have been arranged : 


Friday, 6th December, 1957 
Joint meeting with the Junior Section of the Insti- 
tution of Municipal Engineers. Mr. W. J. Young, 
B.A.I., on ‘‘ The Cement Gun and its Use in the 
General Field of Structural Engineering.” 


Friday, 7th February, 1958 
Mr. ‘J. E. C. Farebrother, M.I.Struct.E., on “ Pre- 
stressing and the Systems in Common Use Today.” 
Both meetings will be held at the Birmingham Exchange 
and Engineering Centre, Stephenson Place, Birming- 


ham, at 6.30 p.m. - ' 
Hon. Secretary: F. A. Butterworth, Roscrea, 


Tansey Green, Pensnett, Brierley Hill, Staffs. 


NORTHERN COUNTIES BRANCH 
The following meetings have been arranged : 


Tuesday, 3rd December, 1957 


At Middlesbrough. Mr. F. M. Bowen, M.I.Struct.E., 
M.I.C.E., Assoc.I.Mech.E. (Member of the Council) 
and Mr. B. E. S. Ranger, A.M.I.Struct.E., A.M.L.C.E. 
(Associate-Member of Council) on “ Steelwork in Tran- 
sit Shed 102, Southampton Docks.”’ 


Wednesday, 4th December, 1957 
The above paper will be repeated at Newcastle. 


Wednesday, 15th January, 1958 
At Middlesbrough. Joint meeting with the Insti- 
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tution of Civil Engineers. Mr. J. O. C. Ritchie on 
“ Water Towers.”’ 


Thursday, 16th January, 1958 


At Newcastle. Joint meeting with the Northern 
Architectural Association, at Higham Place, Newcastle. 
Lecture to be arranged. 


Tuesday, 4th February, 1958 
At Middlesbrough. 


Wednesday, 5th February, 1958 


At Newcastle. Mr. W. H. Chilton, A.M.I.Struct.E., 
on “Some Structural Aspects of Nuclear Reactors.” 
Meetings in Middlesbrough will be held in the Cleveland 
Scientific and Technical Institution and meetings in 
Newcastle (except where noted) in the Neville Hall. 
All meetings commence at 6.30 p.m., preceded by buffet 
tea at 6 p.m. 

Hon. Secretary: H. W. Dowe, A.M.I.Struct.E., 143, 
Laburnum Road, Redcar, Yorks. 


NORTHERN IRELAND BRANCH 
The following meetings have been arranged : 


Monday, 9th December, 1957 


Meeting to be held with the Northern Ireland 
Association of the Institution of Civil Engineers at 
Queen’s University, Belfast. Professor J. L. Montrose 
on “ The Interpretation of Contracts and Arbitration.” 


Tuesday, 7th January, 1958 
Tuesday, 4th February, 1958 
Details to be arranged. 
Hon.’ Secretary’: A. H..K. Roberts, B.A.,° B.A.I., 
MaALStruct-2 ow Gr le = Barbizon,’ 26, Dunlam- 
bert Park, Belfast. 


SCOTTISH BRANCH 
The following meetings have been arranged : 


Tuesday, 17th December, 1957 


Mr Ova. Werensky, -b.9¢:, M.l.Struct.b.) MLC... 
on “ Design of Plate Girders.”’ 


Tuesday, 21st January, 1958 
Mr. Po Russell” BiSc., A.M.I.C.E., MInst.H.E., on 
“ Recent Concrete Construction in Scotland.” 


Friday, 14th February, 1958 

Joint meeting with the West of Scotland Branch 
of the Institution of Civil Engineers and the West of 
Scotland Branch Institute of Welding. Mr. Douglas 
Lax, M.I.Struct.E., and Mr. J. F. C. Swansbourne, 
A.M.I.C.E., on “ Bridges in Iraq.” 

All the above meetings will be held at the Institution 
of Engineers and Shipbuilders, 39, Elmbank Crescent, 
Glasgow, 7.0 p.m. 

Hon. Secretary: “W. G. Cantlay, B‘Sc.(Eng.), 
ALMaLStruictihey “Ay MeInCsbe SsBlairbeth Derrace, 
Burnside, Glasgow. 


SOUTH WESTERN COUNTIES BRANCH 
The following meetings have been arranged : 


Friday, 6th December, 1957 


Mr. Clifford E. Saunders, M.I.Struct.E., on ‘‘ Some 
Unusual Structural Engineering Problems.” At the 
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Duke of Cornwall Hotel, Plymouth, 6 p.m. Tea will 
be served at 5.30 p.m. 


Friday, 17th January, 1958 
Joint meeting with the Institution of Civil Engineers. 
Mr. W. R. Hockaday, M.I.C.E., on “ Lifting Equip- 
ment.’’ At the Duke of Cornwall Hotel, Plymouth, 
6 p.m. Tea will be served at 5.30 p.m. 


Friday, 14th February, 1958 
Meeting will be held in Truro, details to be announced. 
Hon, Secretary: C. J. Woodrow, J.P., “ Elstow,” 
Hartley Park Villas, Mannamead, Plymouth, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 


The following meetings have been arranged : 


Tuesday, 3rd December, 1957 
At Cardiff. Joint meeting with the Institute of 
Welding. Mr. A. V. Hooker, M.I.Struct.E., M.I.C.E. 
(Past Chairman), ‘“‘ Recent Thoughts on Structural 
Welding.” 


Wednesday, 11th December, 1957 
At Swansea. Joint meeting with the Institution 
of Civil Engineers. 


Wednesday, 15th January, 1958 
At Swansea. Mr. E. M. Lewis, A.C.G.I., A.M.I.W., 
“Some Notes on the Use of High Pre-Load Bolts in 
the United Kingdom.” 


Tuesday, 4th February, 1958 

At Cardiff. Joint meeting with the Institution of 
Municipal Engineers. Mr. C. D. C. Braine, B.Sc., 
M.I.Struct.E., M.I.C.E., on ‘‘ Structural Aspects of 
the Design of a Sea Outfall.”’ 

Meetings at Cardiff will be held at the South Wales 
Institute of Engineers, Park Place, at 6.30 p.m. 
Meetings at Swansea will be held at the Mackworth 
Hotel at 6.30 p.m. 

Hon. Secretary: K. J. Stewart, A.M.I.Struct.E., 
A.M.1.C.E., 15, Glanmor Road, Swansea. 


WESTERN COUNTIES BRANCH 
The following meetings have been arranged : 
Friday, 6th December, 1957 


Mi. Kus. Taylor sBScthne 
A.M.I.C.E., on “ Tubular Structures.” 


M.I.Struct.E., 


Friday, 3rd January, 1958 
Mr. G. B. Smedley, B.Sc.(Tech.), A.M.I.Struct.E., 
A.M.I.C.E., on “‘ Construction of a Prestressed Concrete 
Circular Tank.”’ 


Tuesday, 4th February, 1958 

Annual Dinner Dance to be held at the Ashton 
Court Country Club, near Bristol. The above meetings 
will be held in the Small Lecture Theatre, University 
Engineering Laboratories, University of Bristol, at 
6 p.m., preceded by tea at 5.30 p.m. 

Hon. Secretary: E. Hughes, M.1.Struct.E., 23, 
Southdown Road, Westbury-on-Trym, Bristol, 9. 
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YORKSHIRE BRANCH 


The following meetings have been arranged : 


Wednesday, 11th December, 1957 
At Leeds: “Mr. G:» B. Godfrey, A.M.I:Struct.E., 
A.M.1.C.E., A.M.I.Mun.E. (Associate-Member of Coun- 
cil), on ‘“‘ Post-War Developments in German Steel 
Bridges and Structures.” 


Thursday, 12th December, 1957 
The above meeting will be repeated at Sheffield. 


Wednesday, 15th January, 1958 
At Leeds. Mr. D. Beckett, B.Sc.(Eng.), Grad.I.C.E., 
and Mr. B. J. S. Walls, B.Sc.(Eng.), Grad.I.C.E. : 
‘An Introduction to Pre-Stressed Concrete in High- 
way Engineering.” 


Wednesday, 19th February, 1958 
At Leeds. Three short papers on “‘ The Recon- 
struction of the Main Stand at Elland Road Football 
Ground ”’ will be contributed by the Architect, the 
Reinforced Concrete Contractor and the Structural 
Steelwork Contractor. 


Wednesday, 26th February, 1958 

At Scunthorpe. Mr. Donovan H. Lee, B.Sc.(Eng.), 
M.I.Struct.E., M.I.C.E., M.I.Mech.E. (Member of 
Council) on “ The Advantages and Disadvantages of 
Structural Steelwork, Reinforced Concrete and Pre- 
Stressed Concrete.’’ Meetings at Leeds will be held 
at the Central Electricity Authority Offices, Whitehall 
Road, 6.30 p.m. Meetings at Sheffield will be held 
at the Royal Victoria Hotel, 6.30-p.m. The meeting 
at Scunthorpe will be held at the Blue Bell Hotel, 
6.30 p.m. 

Hon. Secretary: W. B. Stock, A.M.I.Struct.E., 34, 
Hobart Road, Dewsbury, Yorks. 


UNION OF SOUTH AFRICA BRANCH 


Hon. Secretary ; A. E. Tait, B.Sc., A.M.I.Struct.E.., 
A.M.I.C.E., P.O. Box 3306, Johannesburg, South 
Africa. 

During weekdays Mr. Tait can be contacted in the 
City Engineer’s Department, Town Hall, Johannes- 
burg. Phone 34-1111, Ext. 257. 


Natal Section Hon. Secretary: J. C. Panton, 
A.M.1.Struct.E., A.M.I.C.E., c/o Dorman Long (Africa) 
Ltd., P.O. Box 932, Durban. 

Cape Section Hon. Secretary: R. F. Norris, 
A.M.1.Struct.E., African Guarantee Building, 8, St. 
George's Street, Cape Town. 


EAST AFRICAN SECTION 


Chairman : R. A. Sutcliffe, M.I.Struct.E. 
Hon. Secretary: K. C. Davey, A.M.I.Struct.E., 
P.O. Box 30079, Nairobi, Kenya. 


SINGAPORE AND FEDERATION 
OF MALAYA SECTION 
Chairman : T. Karmakar, M.I.Struct.E. 
Hon. Secretary: W. N. Cursiter, B.Sc., A.M.1.Struct.E., 
c/o Redpath Brown and Co. Ltd., P.O. Box 648, 
Singapore. 
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THIS PRECAST CONCRETE CYLINDER is used to form Prestressed Jetty 
Supports—each 65’ long. The cylinder has an outer diameter of 6’, 
internally 4’ 114” and with a length of 4’ 114”. The cored holes are 
formed in the walls to take Lee McCall bars, passing through 
thirteen such units and are anchored to steel rings at each end. 


The units were used in the new Erith Jetty, constructed 

for Messrs. William Cory and Son Ltd. The Contractors 
were Messrs. Holloway Bros. (London) Ltd., and the 
Consulting Engineers were Sir William Halcrow and 
Partners. 


CONCRETE CO. LTD 


LONDON & SOUTHERN COUNTIES SCOTLAND & NORTHERN COUNTIES WALES & WEST COUNTRY LANCS., YORKS. & MIDLANDS 
Duncan House, Dolphin Square, Coltness Factory, Newmains, Cowbridge Road, Bridgend, R.Costain&Sons(Liverpool) Ltd. 
London, S.W.] Lanarkshire Glam. ' Barlows Lane, Liverpool, 9 


Telephone: Victoria 3172/4 Telephone: Wishaw 880 Telephone: Bridgend 961 Telephone: Aintree 4141/5 
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TEST BORINGS 


To ensure 


THE STABILITY OF FOUNDATIONS 
AND EARTH WORKS 


OBTAIN RELIABLE 
INFORMATION OF 
GROUND CONDITIONS 


€ 
GEOPHYSICAL SURVEYS 
SOIL SAMPLING & TESTING 


REPORTS ON GROUND 
CONDITIONS 


GROUND EXPLORATIONS L™ 


75 UXBRIDGE ROAD, EALING, W.5 
Phones: EALing 1145/6 and 9251/2 


LRIANCO 


TELESCOP/C 


CENTERS 


_©y THE ORIGINAL TELESCOPIC 
dé 4 SHUTTERING 
‘p Used by LEADING CONTRACTORS 


Spans from 2’ 103” up to 16’ 6’ at competitive prices 
Speedy to erect and dismantle 
Simple to handle — no skilled labour required 
Safe to use — combined with light weight 


Saving of Timber 


The lightness in weight of these Centers in no way impairs 
their strength owing to the triangular design, which feature 


AN EFFICIENT AND ECONO- 
MICAL SHUTTERING FOR HOLLOW d é tA 
BLOCK AND SUSPENDED REINFORCED provides ample strength and at the same time facilitates 
CONCRETE FLOORS. handling on site. 


Write for particulars to :— 


TRIANCO LIMITED - IMBER COURT - EAST MOLESEY - SURREY 
Telephone : EMBerbrook 3300 Telegrams: TRIANCO, EAST MOLESEY 


December, 1957 


SOIL 
MECHANICS 


Site Investigation 


Dewatering 

Marine Boring 

Marine Surveys 
Geophysical Exploration 
| Bored Piles 


Soil Stabilisation 


JOHN LAING AND SON LIMITED 
Research and Development Gentre 


MANOR WAY, BOREHAM WOOD, HERTS 
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CEMENTATION PUTS 


NEW LIFE INTO 
NEWHAVEN BREAKWATER 


N : “ iA 
ON § 


LIMITED 


i 


Head Office : 
20 ALBERT EMBANKMENT, 


TATIO 


LONDON, S.E.I! 
Tel. : RELiance 7654 
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The Technique’s different— 


/ 
ns 1e8 Board, Mills Ltd. 
project is further evidence~of Monk’s /outstanding contribution 
rckcacte’ Ae amare 


“pacthe fieldof Civil Engineering, 


* tala  ofetarund Pees iy, A 
Reinforced Ceigesate and Building Construction. 
eee 


fi 
fo nat \ 
an \ a 
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A. MONK & COMPANY LTD monikl« Warrington and London 


Head Office : Padgate, Warrington. Tel : Warrington 31288 
London Office : 75 Victoria St., S.W.1. Tel: Abbey 265) 
Offices at ; Stamford, Hull and Middlesbrough 
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Illustrated by courtesy of British Railways (Southern Region) 


T WICKENHAM FLYOVER. This bridge is curved in plan, and each of the three spans was completely 
welded at works and delivered by road and rail to the site. Max. length 75 ft., width 15 ft. 


JOSEPH WESTWOOD & Co., LTD. MAPIER YARD, MILLWALL LONDON. E.14 


Bridge and Constructional Engineers, Manufacturers of Mechanical Grabs, Pressed Steel Troughing and Sheet Metal Equipment. Steel Stock Holders. 


herever the sign of Howard 
Farrow appears there is work in 
progress. This photograph shows 
the construction of aeration tanks for 
the extension to The Colne Valley 
Sewerage Board’s Maple Lodge 
Works designed by Messrs. Sandford 
Fawcett and Partners. 


Work in progress includes sewerage, 
tunnelling, concrete Structures, 
factories and domestic buildings. 


$ a : HOWARD FARROW CIVIL ENGINEERING & 


= a ef] BUILDING CONTRACTORS 


A Company Member of 
the British Institute of Management. 


December, 1957 
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Reflecting quality & efficiency Mn 
Patent Glazing 5 Seructucal Shermal 


Insulation uildings oe oY 


BAYHALL WORKS, HUDDERSFIELD. TEL. 6594 (5 lines) 
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WINTER & WORSFOLD, LTD. 


respectfully offer you a Design Service to 
plan and execute the typography and design of 
Books. Advertising matter and 


Commercial Printing 


Winter & Worsiold, Ltd., East Down Works, 29 Dermody Rd., Lewisham, S.E.13 
Telephone: Lee Green 3488 


PARCHMORE 


Engineering & Precision Ltd. 


Telephone: THORNTON HEATH 1491 


Manufacturers of 


Special Purpose Machinery and 


General Engineers 


507 LONDON ROAD, THORNTON HEATH 
SURREY 


December, 1957 


AN EXPANDITE 
CONCRETE ADDITIVE 


Normal Concreting 
work continues 
throughout the winter 


BARRA FROST halves the setting and curing time. 
BARRA FROST combats cracking and crazing. 
BARRA FROST increases weatherproof quality of concrete. 


BARRA FROST isdissolved with the gauging water in the proportion 
of 1 gall. Barra Frost to 10 gall. gauging water. 


MANUFACTURED IN THE UNITED KINGDOM BY ARRANGEMENT 
WITH MEYNADIER & CIE, A.G., ZURICH, SWITZERLAND 


EXPANDITE 


LIMITED 


CHASE ROAD, LONDON, N.W.10. 
Tel: ELGar 4321 (10 lines) 


ASSOCIATES AND DISTRIBUTORS THROUGHOUT THE WORLD 


BEATS THE WEATHER! 
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‘Mc CALLS. 


REINFORCEMENT 
“ MATOBAR ” WELDED FABRIC 


We scarcely need remind 
you that McCalls provide 
reinforcement in the form 
best suited to the needs of 
the job— Matobar’ Welded 
Fabric, shaped bars, helical 
coils, etc. 


McCALL & CO. (SHEFFIELD) LTD. 


PRESTRESSING STEEL 
McCALLS “MACALLOY ” 


High Tensile’ Steel Bars” of 37% to 1%” 
diameter for prestressed concrete 
construction using the SS 
Lee-McCall System. . : 


Write for “ Reinforcement by McCalls’’ for full information 


McCALLS MACALLOY LIMITED 


TEMPLEBOROUGH - SHEFFIELD - P.O. Box 41 
Telephone : ROTHERHAM 2076 (P.B. Ex. 8 Lines). 
LONDON OFFICE : 


8-10 Grosvenor Gardens, S.W.| 
BIRMINGHAM OFFICE : 

83 Kineton Green Road, Olton, Solihull 
PORTSMOUTH OFFICE : 

23 and 35 Spur Road, Cosham Tel. Cosham 78702 


a 
M6 


Tel. Sloane 0428 


Tel. Acocks Green 0229 


George Cooper & Sons 


PROPRIETORS THOS. W. WARD LTD. 


EFFINGHAM NUT & BOLT WORKS 


SHEFFIELD 


Phone: 41026 Grams: ‘COOPER’ 


HOT DIP GALVANIZING 


process is an efficient rust proofing 
treatment for steelwork. 


Joseph Ash & SON iro. 


Rea Street South, Birmingham, 5 - MIDland 2441-2 


London Office: 
36 Victoria Street, London, S.W.|. 


Telephone: ABBEY 7282 


Fabricators of light constructional steelwork, platework, industrial 
tanks, pressed steel gutters 
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OFFICIAL APPOINTMENTS 


LONDON COUNTY COUNCIL. Architect’s Department. Vacan- 
cies with good prospects for Engineering Assistants (up to £860) 
and Engineers, Grade III (up to £1,090) in :—(a) Structural 
Engineering Division—Extensive programme includes multi- 
storey flats, schools, offices, warehouses and other buildings, 
and, (b) District Surveyors’ Service—in districts coinciding with 
one exception, with Metropolitan borough boundaries. Work 
mainly outside involving negotiations with Architects, engineers 
and surveyors, and supervision of works in progress.—A ppli- 
cation form and _ particulars from the Architect (ref. 
AR/EK/48/57), The County Hall; S.E.1. (1611). 


CLASSIF IED ADVERTISEMENTS 


From January, 1958, the rate per word will be 
increased from 8d to 1/— 


2 in. Semr Dispray £6 Os. Od. 
RATES 3 in. = £8 10s. Od. 
4 in. = £11 Os. 0d. 


SITUATIONS VACANT 


CONSULTING Civil Engineers require Engineer with considerable 
design and practical experience of prestressed concrete and a 
working knowledge of shell roof design. Senior and well paid 
post, wide opportunities. L. G. Mouchel & Partners Ltd., 38 
Victoria Street, Westminster. Ring ABBey 1122—Mr. Booker. 


CONSULTING Engineer, Westminster, requires Designer/ 
Draughtsman experienced in structural stcelwork and/or 
reinforced concrete for responsible position. Salary £1,000 p.a. 
and good prospects.—Write in confidence, stating age, qualifica- 
tions and full details of experience, Box No. 0840, stRUCTURAL 
ENGINEER, 43a, Streatham Hill, S.W.2. 


CONSULTING Engineers require an experienced Graduate with 
at least A.M.I.C.E. or A.M.I.Struct.E. Must be versatile and 
capable of designing anything in any material. Jenkins & 
Potter, 66, Victoria Street, S.W.1. Tel. TATe Gallery 9333. 


CONTRACTS Managers required to control the erection and 
cladding of single storey steel framed buildings. Exceptional 
opportunities for the right men. Must hold current driving 
licence and be resident in London area, Midlands or North 
Eastern I-ngland.—Apply Box No. 0846, stRUCTURAL ENGINEER, 
43a, Streatham Hill, S.W.2. 


DESIGNER with at least 4/5 years experience in reinforced 
concrete required for London Professional office. Knowledge 
of steelwork an advantage. Degree and/or professional qualifi- 
cation desirable. Must be capable of working with minimum 
supervision and will be expected to attend Progress Meetings 
and deal directly with clients representatives. The work is 
varied and offers scope for initiative. Five day week.—Apply 
stating full particulars and salary required to: Farmer & Dark, 
Romney House, Tufton Street, S.W.1. 


DETAILERS and Detailer/Draughtsmen required for reinforced 
concrete and general building work. Some knowledge of design 
and steelwork an advantage. Younger men preferred:—Write 
stating age, qualifications, experience and salary envisaged to 
R. T. James & Partners, 6, Lower Grosvenor Place, London, 
S.W.1. 


EXPERIENCED Structural Designer required by British In- 
sulated Callender’s Construction Co. Ltd., for the design of 
structural steelwork for Radio Masts and Towers, Unit Con- 
struction Bridges and other Special Purpose Structures. The 
Company has a leading world position in this important field of 
communications and the work is varied and interesting. High 
salary commensurate, with responsibilities is offered with Five 
Day Week, Pension, Canteen, ete-——Apply by ’phone or in 
writing to the Staff Office, 30, Leicester Square, London, 
W .C.256 DRA Tad. 


EXPERIENCED Structural Steelwork Designer required by 
Consulting Engineers with a good knowledge of light structures 
as well as conventional steel design. Five-day week, holiday 
arrangements honoured. Salary in accordance with experience. 
—Apply stating full details of experience and salary required to 
Alan Marshall & Partners. 73/74, High Holborn, W.C.1. 
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YORKSHIRE 
HENNEBIQUE 


Contracting Co. Ltd. 


IiSTABLISHED 1904 


CIVIL ENGINEERING 
CONTRACTORS 


HEAD OFFICE: 
HENNEBIQUE HOUSE 


The Mount 


- York 


Telephone: YORK 54656 (4 lines) 


Branch Offices : 


Hutu: 80 WINCOMLEE. 


Telephone: Hull 33501. 


LEEDS: Royps Works, LowER WortLEyY, LEEDS 12. Telephone: Leeds 637891. 


CLASSIFIED ADVERTISEMENTS—continued 


Opportunities for 
careers in Reinforced Concrete... 


on the staff of 


There are vacancies for Reinforced Concrete Designers 
in the London Office at 54 Grosvenor Street. 

Designs in prestressed and shell concrete 

are prepared at this office, in addition to a wide 

variety in normal Reinforced Concrete. 

Working conditions are excellent, the office 

being equipped with controlled heating and ventilation. 
Five day week — Canteen — Pension Scheme. 

Top rate salaries are paid to Designers, 
Designer-Detailers and Detailers in accordance 

with ability and experience. Openings available for 
graduates and men with H.N.C. Apprenticeship scheme 
available for students of good educational standard. 


THE BRITISH REINFORCED CONCRETE eA ware 7 co. oan 
Chief Engineer: A. P. MASON, B.Sc., M.I.C.E., M.I.Struct.E., M.ASCE 


QUALIFIED Structural Engineer with experience of Foundation, 
Reinforced Concrete and Steel Structures required by Consultants 
in West London. Excellent salary for right man.—Write or 
Phone: A. Bickerdyke & Co., 4/6, Hammersmith Grove, 
London, W.6. RIV. 7452. 


SENIOR Reinforced Concrete Engineer required for London 
Consultants’ office. Excellent opportunity for suitable appli- 
cant.—Write giving experience. Will be treated in confidence. 
Box No. 0847, sTRUCTURAL ENGINEER, 43a, Streatham Hill, 
S.W.2. 


STRUCTURAL Draughtsmen for large varied interesting work, 
bridges, bunkers, ore unloaders and special structures. Oppor- 
tunities for design experience. Top salaries offered men with 
experience and maximum help given in regard to housing. 
Grant towards removal expenses and living allowance until 
removal completed. Pension and Insurance scheme, technical 
library, sports ground.—Apply “‘ref.: W,’’ Staff Personnel 
Manager, Ashmore, Benson, Pease & Co., Stockton-on-Tees. 


STRUCTURAL Engineers required by Consulting Civil Engineers 
in Manchester. A wide variety of work is available. Applicants 
should state age, experience and qualifications to Bertram Done 
& Partners, 55, Cross Street, Manchester, 2. 


STRUCTURAL Engineer in Training wanted by large building 
organisation. Applicant will work first in the London area but 
should be mobile. Some experience desirable in up-to-date 
concrete techniques including prestressing. Applicant will 
be trained in practical research and concrete quality control 
with opportunity to proceed to structural work on sites.—Apply 
in writing to: The Unit Construction Co. Ltd., Faggs Road, 
Feltham, Middlesex. 


STRUCTURAL Designer/Estimator required for progressive 
Company, London area. Age 30 to 35 years. Experienced in 
designing and estimating all types of structures. Preferably 
holding A.M.I.Struct.E. or at least H.N.C. Possibility right 
man being promoted to Chief Designer/Estimator on proving 
capabilities. Salary offered comparable with qualifications and 
experience. Five-day week, pension scheme.—Write stating 
age, nationality, qualifications and salary required to Box No. 
0843, STRUCTURAL ENGINEER, 43a, Streatham Hill, S.W.2. 
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SOLUTION OF PROBLEMS 
IN STRENGTH 
OF MATERIALS 


By S. A. Urry, B.Sc.(Eng.). 2nd Edition. 

This up-to-date second edition is a practical 
textbook of Strength of Materials, intended for 
those students who prefer the study of 

specific problems to the more general approach 
of the orthodox textbook, Each chapter contains 
a number of fully worked-out problems, 
showing the derivation of essential formulae 
and their numerical application. The bock 

will be invaluable to students preparing for the 
B.Sc. (Engineering) degree, and it fully covers 
the syllabuses of the Higher National Certificate 
in Mechanical Engineering and for the 

Associate Membership of the professional 
institutions. 20/- net. 


PITMAN 


Parker Street, Kingsway, London, W.C.2. 
Tel. HOL 9791 


CLASSIFIED ADVERTISEMENTS—continued 


TAYLOR Woodrow Construction Ltd., invite applications from 
Senior Civil and Structural Engineers for important work on the 
Design and Construction of Nuclear Power Stations. Excellent 
conditions of employment including Pension Scheme partici- 
pation and first-class opportunities are offered.—Applications 
should be addressed to D. A. J. B. Personnel Department, 
Ruislip Road, Southall, Middlesex. 


TERRESEARCH LTD. invite applications for the following 
vacancies. Civil and Structural Dept., Senior Engineer, fully 
qualified, experienced in Design and Construction, Investigations 
and Research (or with a desire to specialise in such matters). 
This is a first-class position of considerable responsibility for a 
leading man. The position offers outstanding opportunities for 
the successful applicant. Assistant Engineer qualified ; experi- 
ence, similar duties and opportunities to the above. Ground 
Exploration and Soil Mechanics Dept. Engineers, qualified, 
experienced in Design and Construction, knowledge of Geology 
and Soil Mechanics and with a desire to specialise in this ever- 
widening and important specialised activity.—Applicants with 
full details of qualifications and experience to The Secretary, 
‘lerresearch Limited, Ruislip Road, Northolt, Greenford, Middx. 
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SITUATION REQUIRED 


M.1.Struct.E., Engineering Executive seeks change in London. 
35 years experience in design and detail of R.C. Steelwork, 
Foundations, etc. Box No. 0845, stRUCTURAL ENGINEER, 43a, 
Streatham Hill, S.W.2. 


FOR HIRE 


LATTICE Steel Erection Masts (light and heavy), 30 ft. to 
150 ft. high for immediate hire.—Bellman’s, 21, Hobart House, 
Grosvenor Place, S.W.1. (’Phone : SLOane 5259.) 


15 TON Lorry Mounted Crane. 30ft.-80ft. boom with 15ft. 
fly jib available for short or long term hire any area. Arup 
& Arup Ltd., Colquhoun House, Broadwick Street, W.1. Ger- 
rard 2708 or 3653. ; 


FOR SALE 


NEW Bar Benders for immediate delivery. Besco No. 2 size 
for hand lever operation. Capacity cold bars up to 4 in. x # in.; 
fin. diameter; #in. squares; notches angles 4in. x +5 in. 
Hot bars up to 4in. x §in.; or equivalent. Special blocks 
available. Fully illustrated leaflets and price from F. J. Ed- 
wards Limited, 359, Euston Road, London, N.W.1. Euston 
4681 or 41, Water Street, Birmingham, 3, Central 7606. 


BENNIE Folding Machine, 12 ft. x din., for sale. Motor 
driven Swing Beam Universal Folding, Rounding and Box 
Forming Type, Max. lift of top beam 184 in. Adjustment 
to bed and folding beam 8in. Smallest trunk formed over bed 
18 in. x 18in. Largest tube formed 16 in. diameter. Gearbox 
drive with lever control to reversing friction clutches, operating 
all beams. Safety slippmg clutch between gearbox and main 
drive shaft. Weight about 14 tons.—Full details, illustrations 
etc. from F. J. Edwards Limited, 359 Euston Road, London, 
Euston 4681 or 41, Water Street, Birmingham, 3, Central 7606. 


NEW Besco Model 54 Type VM35/200 Motorised Multi-Purpose 
Punching Machine for sale. For interchangeable tool heads for 
punching, notching and cropping etc. Max. punching pressure 
35 tons. Will punch 1 in. through ? in. or 2 in. through 3 in. 
Vee notches in angle iron 2in. x { in. Gap 7.2 in. Complete 
with several tools. F. J. Edwards Limited, 359, Euston Road, 
London, N.W.1. or 41, Water Street, Birmingham, 3. Central 
7606-8. 


FOR Sale—12in. Transit Theodolite complete in case with 
tripod and 14in. Dumpy level in case complete with tripod 
and staff. Price £75, Woolsey & Co., Surveyors, Victoria House, 
Southampton Row, W.C.1., Holborn 1866. 


TUITION 


GUARANTEED COACHING for Inst. Struct. Engrs., Inst. Civ. 
Engrs., Inst. Mun. Engrs., etc. Study at home under highly 
qualified tutors with most successful school. Also courses in ail 
aspects of Building, Engineering, Draughtsmanship, etc.—Write 
for free book: International Correspondence Schools Ltd., 
Dept. CL, 23, Kingsway, London, W.C.2. 
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SOLE DISTRIBUTORS 


THOS. W. WARD LTD., ALBION WORKS, SHEFFIELD 
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Welded Fabric 3 


the ideal reinforcement for all types of slab construction i 
~ for roads or floors whether on the ground or suspended. x 
BRC fabric is a welded steel wire mesh supplied in ee 
sheets or rolls. " 


THE BRITISH REINFORCED CONCRETE ENGINEERING co. LTD., STAFFORD — 


London, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast 
Export Dept., 54 Grosvenor Street, London, W.1 ‘= 
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